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STUDIES IN THE SEROLOGY OF SYPHILIS. SYPHILIMETRIC 
COLOR-INDICES* 


(PRELIMINARY REPORT ON 317 CONSECUTIVE CASES) 
By Ernest F. Maur, Wasuineton, D. C. 


PRELIMINARY CONSIDERATIONS 


HE laboratory diagnosis of syphilis has been accomplished with more or less 

accuracy by a variety of methods. The majority of these methods are sero- 
logie in nature and depend upon the Bordet-Gengou phenomenon of complement 
fixation, while there are other methods, hitherto not of a thoroughly satisfactory 
character, which deal with the problem on a strictly chemical basis. Of the two 
iypes of methods those of a serologic nature are used extensively as routine tests 
for syphilis and have given fairly consistent results in spite of their complicated 
technic. The chemical tests, while far less complicated and more readily earried 
out, have shown an unfortunately low degree of specificity and a variable con- 
sistency with the physical diagnosis. 

The chemical type of reaction is illustrated by the Bruck’ reaction, in which 
nitric acid is the sole reagent employed. A positive reaction consists of the pre- 
cipitation of certain albuminoids by the nitrie acid, the degree of syphilitic 
infection being determined from the intensity of the precipitate. Bruck’s re- 
action is specific for syphilis only to the extent of about 75 per cent, frequently 
giving positive reactions with sera showing a negative Wassermann. The lack in 
specificity of this reaction is perhaps due to the presence in the blood serum of 
several closely related albuminoids, most of which will precipitate with the nitric 
acid, but only one or two of which are the substances that are specifie for syphilis. 
Inasmuch as the chemical structure of the syphilitic antibody is as yet unde- 
termined, the test for its presence by a strictly chemical reaction would appear to 
be more or less experimental in character, and hence of doubtful practical value. 


*From the Pathologic Laboratory, Government Hospital for the Insane, Washington, D. C. 
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The serologic methods for the diagnosis of syphilis fall essentially into two 
groups, both of which depend upon complement fixation. Methods of the first 
group follow the original Wassermann reaction in that they employ complement 
and amboceptor each of which is derived from a separate source. Methods of 
the second group employ either complement or amboceptor, or both, present in 
a native state in the serum of the patient. 

Illustrative of the first group is the original method of Wassermann, prob- 
ably actually due to Neisser, employing guinea pig complement and the serum of 
a rabbit immunized against sheep erythrocytes as amboceptor ; and the Noguchi? 
modification in which human erythrocytes and a corresponding antihuman rabbit 
amboceptor are used. Aside from these essential differences there are, of course, 
minor differences in the details of the technic employed, such as the paper 
amboceptor used by Noguchi for example. 

In the second group may be given the Hecht-Weinberg-Gradwohl’ reaction, 
in which is used both the complement and amboceptor native in the patient’s 
serum; and Wright’s* modification of the Wassermann in which both. native 
complement and amboceptor are employed. There is also a recent method given 
by G. A. Magnusson’ in which the native complement alone is used, the ambo- 
ceptor being obtained from a separate source. 

A great difficulty encountered in all forms of the Wassermann reaction is 
the variable nature of nearly all the reagents. These reagents, whose chemical 
structure is practically unknown, do not possess the stability of chemical re- 
agents, but are subject to alteration and deterioration from the standpoint of 


temperature, age and bacterial activity, and consequently cannot be adequately 
standardized, or preserved conveniently. It appears essential, therefore, to uti- 
lize fully what means there may be for keeping these reagents in as uniform a 
condition as possible, and to eliminate as many of the variable features as pos- 


sible. 
Comparing, with these points in mind, the two groups of methods described 


above, it is evident that the first group has certain advantages over the second. 
Whereas, for example, in the Hecht-Weinberg-Gradwohl methcd one must be 
satisfied with the variable amounts and proportions of native complement and 
amboceptor present in each particular serum, it is possible to titrate with good 
aecuraey the guinea pig complement against the fairly stabile rabbit amboceptor, 
as is done in the methods of the first group. Although the complement of one 
guinea pig may differ in titre from that of another, the same lot of reagent is 
used for a large number of tests at a time and henee it is possible to obtain re- 
sults which are fairly comparable. 

Another factor of importance, applying to all of these methods, is the man- 
ner in which the final results are interpreted. The routine procedure is to 
designate the final readings as one-, two-, three-, or four-plus, or negative, as the 
ease may be. These readings give only a general indication as to whether a 
reaction is strongly or weakly positive. For the purpose of following the effects 
of antisyphilitic treatment upon the serology of a patient these designations are 
of little value. To obtain more accurate estimates of slight variations in the 
amount of syphilitic antibody present, it is necessary to make the final readings 
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upon a quantitative basis. If the quantity of sheep cells, complement and ambo- 
ceptor used in the Wassermann reaction, is kept constant, then the amount of 
syphilitie antibody present in a serum is directly proportional to the number of 
cells left intact at the end of the ineubation period, or inversely proportional to 
the degree of hemolysis at the end of that time. 

Approaching the problem from the fact of the direct proportion of the 
number of cells to the amount of syphilitic antibody, methods have been devised 
for measuring the amount of nonhemolyzed cells. The great difficulty here, 
however, is the small amount of cells one has to deal with in the first place. It is 
extremely difficult to construct a graduated tube in which the amount of cells 
can be determined after centrifuging. Furthermore, the length of time of centri- 
fuging and the speed of the centrifuge introduce additional sources of error. 

The prospect appears more hopeful when the problem is viewed from the 
other point of view, that is to say, the inverse ratio of the degree of hemolysis 
to the amount of syphilitic antibody. 

A. Vernes® has devised a method for accomplishing this by the use of an 
artificial color-scale which is composed of eight shades or ‘‘indices’’ ranging 
from that of complete hemolysis of a standard dose of sheep cells to the point of 
complete inhibition of hemolysis. Index ‘‘8’’ on this scale represents complete 
hemolysis, and ‘‘0’’ represents complete absence of hemolysis, while the inter- 
mediate tints correspond to successive increases in syphilitie antibody. 

To earry out the reaction Vernes employs an antigen which he terms ‘‘ pere- 
thynol,’’ made by extracting horse heart with ethylene-perchloride and- then 
aleohol. A suspension of this in physiologic salt solution constitutes a colloid 
which is floceulated in the presence of syphilitic antibody, in a manner similar 
to the precipitation of various inorganic and organic colloidal suspensions by 
both negative and positive sera. In place of the amboceptor and complement he 
uses hog serum. This acts as an ‘‘antifloeculant,’’ and also possesses hemolytic 
properties for sheep cells. In exercising its antifloceulant activity the hog-serum 
loses a proportionate amount of its hemolytic property upon the sheep cells, and 
henee gives a direct index of the amount of syphilitic antibody in terms of 
hemolysis. Vernes gives this method the name of ‘‘Syphilimetrie.’’ 

The method deseribed here is the result of numerous experiments concerned 
with the proper dosage of the reagents and with the preparation of a colorimetric 
scale adapted to these dosages. The methecd was then carried out on a number 
of successive cases which were first subjected to the routine Wassermann test 
used at this laboratory, which is a modification due to Dr. Nolan D. C. Lewis, of 
this hospital. A satisfactory check was thus obtained for each individual speci- 
men examined. The Lange colloidal gold reaction as well as the Wassermann 
was performed on each specimen of cerebrospinal fluid before it was tested by 





































the colorimetric method. 

In order to devise an adequate color-seale it was necessary to employ as 
high a concentration as possible of complement and amboceptor, and yet one low 
enough to remove the possibility of any interference from the color of the re- 
agents themselves. In keeping with the strength of these reagents the sheep-cell 
suspension was prepared of such a strength that it was easily and invariably 
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hemolyzed by the doses of complement and amboceptor used. The concentration 
of sheep-cell suspension giving the best results was found to be practically three 
times that used for the sheep-cells in the routine Wassermann, that is, approxi- 
mately 15 per cent. For use with the colorimetric scale the sheep-cells must be of 
such concentration that one dose, here .25 ¢.c., in the total volume represented by 
all the reagents in one tube, namely 1.5 ¢.c., when completely hemolyzed, shall 
correspond in tint with ‘‘8’’ on the seale, that is, shall give an index of ‘‘8.’’ 
This is the index given by a completely negative serum. Index ‘‘7’’ is slightly 
positive, ‘‘6’’ more so, and from this point on there is a gradual increase in 
positiveness up to and ineluding ‘‘0,’’ which represents complete inhibition of 
hemolysis. Generally speaking, the color indices from 0 to 2 would be theo- 
retically equivalent to the usual designation of four-plus, 2 to 4 would correspond 
to three-plus, 4 to 6 to two-plus, and any reading between 6 and 8 except 8 would 
be about one-plus. It is apparent from the results obtained, however, that no 
definite relation such as the foregoing exists. For example, any reading having 
a value lying between 0 and 5 on the colorimetric scale cannot readily be inter- 
preted other than four-plus by the routine method. In making possible the 
gradation of such interpretations into finer and more distinct readings lies the 
value of the colorimetric seale. 

A great deal of variation is also introduced into the routine Wassermann 
procedure by the manner in which the red-cell suspension is prepared. Ordina- 
rily the cells are washed two or three times, and after a final centrifugalization 
they are arbitrarily taken to be at a concentration of 100 per cent. With this 
assumption a 5 per cent or 10 per cent suspension in physiologic saline is then 
prepared by adding, volumetrically, the proper amount of the arbitrary 100 
per cent suspension to the correct amount of saline to give the percentage de- 
sired. The concentration of such a suspension cannot reasonably be expected 
to be uniform from time to time. Errors are introduced by the length of time 
of centrifugalization, the speed of the centrifuge and the amount of supernatant 
salt solution removed from the sedimented cells after the final washing. 

These objectionable features are eliminated by the colorimetric standardiza- 
tion as is shown in the descriptions following. This part of the procedure might 
therefore be of value in standardizing the red-cell suspension for the usual Was- 
sermann methods, even if no color seale is to be employed. 


PROCEDURE 

I. Apparatus and Reagents.— 

The serologic tubes and flasks used are of hard glass with a low coefficient 
of expansion. All glassware is treated with bichromate-sulphurie cleaning mix- 
ture and washed in tap water followed by repeated rinsings in distilled water. 
This is followed by drying in a hot-air oven. 

The reagents are prepared in volumetric glass-stoppered cylinders and flasks. 
The pipettes found most suitable are of 1 ¢.c. capacity graduated to deliver 
le.c. These can easily be marked off at .25 ¢.c. levels, making the manipulation 
easier. 

The antigens used in both the colorimetric method and the Wassermann 
check are of two types: A simple alcoholic extract of human heart, and a similar 
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aleoholic extract containing .2 per cent cholesterin. The cholesterinized antigen 
alone was used in the colorimetric method because of the greater dosage of pa- 
tient’s serum used. Both antigens were kept in stock containers at room tem- 
perature and have given satisfactory results for a period of at least two years. 

The amboceptor consists of sterile rabbit serum, the animal having been im- 
munized by repeated inoculations with a suspension of sheep erythrocytes. The 
serum was stored in 1 ¢.e. sealed ampoules in a low-temperature refrigerator. 

Complement is obtained within 24 hours of each test by bleeding one or more 
guinea pigs from the heart and allowing the blood to clot in sterile centrifuge 
tubes at room temperature for about 3 hours and then overnight in the refriger- 
ator after the clots are loosened. 

Sheep erythrocytes are obtained within 24 hours of the test from the jugular 
vein and clotting is prevented by receiving the blood in a 1 per cent solution of 
sodium citrate in .85 per cent salt solution. The cells are washed by centrifugal- 
ization three times, for 5 minutes at a time, using speed ‘*5’’ on an electric 
centrifuge. 

The patients’ serum is received in serologic test tubes, separated from the 
clots, diluted with 4 parts of .85 per cent sodium chloride solution and inactivated 
at 57° C. for 30 minutes, within 24 hours of each test. Spinal fluids which have 
been standing in the refrigerator for more than 24 hours are also inactivated. 

A complement-amboceptor titration is done immediately before each test 
and appropriate controls are performed with all the reagents, both for the colori- 
metrie method and the routine Wassermann. It is not regarded as essential to 
go into the details of these controls and titrations since they conform in type 
with the methods used by all syphilographers. An outline of the Wassermann 
method used as check, and of the colorimetric method will be given. 


II. Procedure for Routine Wasserinann.— 
After the preliminary titrations are performed with satisfactory results, a 
set of tubes is prepared as follows for each test. 


TABLE I 


COMPLEMENT 














| og ‘(choles.) 
| ANTIGEN 10% 
I (control) 0.5 ¢.¢. 0 | 0 0,25 ee. 


TUBE r PATIENT’S “ANTIGEN | 
NUMBER | SERUM 20% (6a? 








0 0.25 
0.25 0.25 


II 0.25 0.25 
III 0.25 0 





These tubes are incubated at 37° C. for 30 minutes. Then 0.5 ¢.c. of a mix- 
ture of equal parts of amboceptor (concentration used is determined in the pre- 
liminary titration) and 5 per cent sheep cells is added to each tube. The tubes 
are thoroughly shaken and incubated once more for 30 minutes at 37° C. Read- 
ings are then made. 

For the routine Wassermann on cerebrospinal fluid the arrangement shown 
in Table II is used for each specimen. 

The incubation period is 30 minutes at 37° C. Then .5 ¢.c. of the sensitized 
sheep cells is added to each tube. The second ineubation is the same as the first. 
Readings are then made at once. 
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TABLE IT 





ANTIGEN ANTIGEN COMPLEMENT 
sey? | ‘ép? 10% 





 ‘PUBE SPINAL FLD. 
NUMBER (undiluted) 





I (control) 5 €.€. 0 0 25 
I 12% | 25 0 | 95 
III 2f 0 25 25 
IV 1, | 0 0 | 25 
Vv 5 | 0 | 25 | 25 
VI 1.00 | 


0 25 








III. Procedure for Colorimetric Method.— 


Tubes are set up as shown in Table III for each specimen. 


TABLE IIT 


TUBE | PATIENT’S ANTIGEN | COMPLEMENT 85% Nach 
NUMBER SERUM 20% B (chol.) SOLUTION 











(control ) 0 €.¢, .20 


| .f 25 0 











The first incubation is 30 minutes at 37° C. Then .5 ¢.c. of sensitized cells 
are added to each tube. These cells are first standardized colorimetrically as 
described below. The second incubation is the same as the first. 

Readings: All frankly negative reactions are recorded at once. All slightly 
turbid tubes are centrifuged, as well as all the strongly turbid tubes, for 5 
minutes at speed ‘*5.’’ These tubes are then compared with the tubes containing 
the artificial color standards in 1.5 e.c. amounts, and the color index of each is 
noted. No reading is recorded unless the corresponding control tube gives an 
index of ‘*8.”’ 

The procedure for cerebrospinal fluid is identical with that described for 
blood serum. The use of various amounts of spinal fluid is not adaptable to 


eolorimetrie determinations. 


IV. Standardization of Erythrocyte Suspension.— 
After the final washing of the sheep cells the set of tubes as shown in Table 


IV is prepared: 





TABLE LV 


SHEEP CELLS - WATER 
CENTRIFUGED DISTILLED VOLUME 
I oo @.@, 2 CC, 1.5 ee. 





= 95 é 


II 20 By 
III .20 o 
IV 15 2 
Vv | 10 4 
VI .05 A 


sé 
sé 
sé 


sé 


After a few minutes the cells in all tubes show complete hemolysis. From 
this set of tubes is selected the one whose tint corresponds with index ‘‘8’’ on 
the color seale. To prepare the suspension containing the corresponding dose 
in each .25 ¢.e., the following procedure is carried out: 
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Ex: If tube #6 gives index ‘‘8,’’ then 
(1) To .05 ¢.c. sheep cells add .2 ¢.c. of .85 per cent salt solution. 
(2) or to .5 ec. sheep cells add 2 ¢.c. of .85 per cent salt solution. 
(3) or to 5 e.e. sheep cells add 20 ¢.c. of .85 per cent salt solution. 


V. Preparation of the Colorimetric Scale.— 
The stock soluticn corresponding to Verne’s ‘‘Liquid 8’’ is made up as 


follows: 


0.1 per cent acid fuchsin in water 10 ee. 
1.9 per cent picric acid in water 10 ee. 


To the above is added 110 ¢.c. of the following acetie acid diluting mixture: 


Acetic acid (glacial) 8 ee. 
Formalin 40% i 5 @e. 
Water, distilled, enough to make 200 ¢.e. 


From this stock solution a set of 9 tubes is prepared by dilution with acetic 
mixture, as shown in Table V. 


TABLE V 








INDEX “stocK LIQUID ‘*8’? | ACETIC MIXTURE 
1.0 ee. 1.0 @.e. 
1.0 | 2.0 
1.0 











— 


~ 


o 


> Ole 
o 


wow A= 


na) | 








8 
7 
6 
5 
4 
D 
1 
0 


‘ _ 
jrebtob aoc 


) 2 om Sve 


| 
| 
| 


When properly prepared, the color tint of these standards has a perfect 
resemblance to the corresponding tints of actually hemolyzed sheep cells. 

Attention is called to an interesting fact in connection with the dilution- 
ratios of the colcr scale. When the values for the acetic diluting mixture in each 
tube are plotted against the color indices from ‘‘0”’ to ‘*8,’’ it is found that a 
logarithmic type of curve is obtained. (Fig. 1.) This curve is produced by the 
fact that the increment in the quantity of diluting fluid from one tube to the 
next, beginning with index ‘‘8,’’ is not uniform, but increases. This is shown 
in the denominators of the ratios in Table V. This increase in increment is nee- 
essary to bring about a uniform division into eight color tints. If the increments 
are made uniform, the tints of Tubes 8, 7, 6 and 5 ean be differentiated only 
with difficulty, then there is a sudden drop to a lighter tint in Tube 4, and the 
remaining group of tubes shows very slight differentiation. 

From this it follows that the color tints vary from ‘‘8’’ to ‘‘0’’ at the rate 
of the logarithms of their dilution-ratios. 

The stock solution of Liquid ‘‘8’’ is quite permanent if kept in the dark. 
No appreciable deterioration in color value was found after nine months’ stand- 
ing when compared with a freshly prepared solution. The solution in the tubes 
of the color scale keeps equally well if the tubes are of hard glass and are eare- 
fully cleaned before being filled, and are then well sealed. 





THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


The comparison of tests with the standard tubes is facilitated by the use of 
a color-comparison box such as is shown in Fig. 2. 

The tube whose index is to be determined is placed into the middle hole and 
tubes of a higher and lower index from the color scale are placed on either side 
of it. In this way close approximations are made possible. If a specimen of 
serum has itself a marked tint, a tube containing one dose of serum diluted to 








$s \e 18 de ur 4° » to 4¢ 


. 1.—-Color indices plotted against dilution ratios of color scale. 




















Fig. 2.—Color comparison box. 


standard volume is placed behind the standards and the tube containing the test 


to be determined. 
It is essential to use tubes of good quality and especially tubes of uniform di- 
ameter both for the color standards and for carrying out the reactions. 


DISCUSSION OF TABLES 


In Table VI is given a detailed list of the specimens of blood-serum exam- 
ined by both methods. 

In Table VII the specimens of cerebrospinal fluid are listed in the same 
manner. The colloidal gold curve of each specimen is also given. 

Table VIII deals with the total number of 259 blood sera examined. It is 
divided into the whole scale of indices that may be obtained. Under index ‘‘8,’’ 
for example, it is found that out of the 259 sera 200 gave index ‘‘8.’’ In the 
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TABLE VI 


COMPLETE RECORD OF BLOOD SPECIMENS 
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TABLE VI (CONTINUED) 


COMPLETE RECORD OF BLOOD SPECIMENS 








WASSERMANN 
INDEX SERMA 


6 | 181 0 8 
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TABLE VI (CONTINUED) 


COMPLETE RECORD OF BLOOD SPECIMENS 








SERUM 
NUMBER 
251 


SERUM Nn 
| 
| 252 0 


WASSERMANN 
NUMBER ae INDEX 
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242 
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WASSERMANN 
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256 2 plus 
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TABLE VII 


COMPLETE RECORD OF CEREBROSPINAL FLUIDS 








FLUID i ae | COLOR 
NUMBER teens INDEX | 
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TABLE VII (CONTINUED) 





— WASSERMANN a COLLOIDAL GOLD CURVE 
NUMBER | 
45 3 plus 7 5555432100 
46 
47 0 
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TABLE VIII 


RELATION OF SYPHILIMETRIC INDEX TO THE WASSERMANN REACTION 1N 
259 SPECIMENS OF BLOOD SERUM 








NUMBER OF NO. OF SPECIMENS WITH 
SPECIMENS POSITIVE NEGATIVE 
WASSERMANN WASSERMANN 
4% 96% 
43% 57% 
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78% 22% 
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TABLE IX 


RELATION OF SYPHILIMETRIC INDEX TO THE WASSERMANN REACTION IN 
58 SPECIMENS OF SPINAL FLUID 





| WASSERMANN COLLOIDAL GOLD PERCENTAGE 
_____ | NUMBER OF | NO. OF SPEC. NO. OF SPEC. WASSERMANN 
INDEX | SPECIMENS — . SyPH. | 
PARETIC — . a NEG. 
| ZONE 
LT lds 29 <a 26 f lL 10% 90% 
“egy | 7 CO | 2 100% 0% 
66g”? 6 | ' | 100% 0% 


? | 
ees | — 
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| 1 100% | 0% 
enor } di 
cage? | 1 | 100% | 0% 
‘sg? | 14 | 100% 0% 








third and fourth columns of the same row is stated how many of these 200 speci- 
mens gave a positive and how many a negative routine Wassermann. These re- 
lations are then expressed in percentages in the fifth and sixth columns. 

It is apparent from Table VIII that the percentage of positive routine Was- 
sermanns agrees with fair regularity with the color-indices obtained and that 
the percentage of positives shows a uniform increase from index ‘‘8’’ to index 
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TABLE X 


COMPARISON OF SYPHILIMETRIC INDEX AND ROUTINE WASSERMANN REACTION IN CASES 
UNDER TREATMENT FROM FEB. 16, TO APRIL 24, 1921 
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A DATE ; TREATMENT 
ar TESTED ieatnanennanins INDEX [DOSES SALVARS. DATE 
~ MR. 2-16-21 4 plus 1 3g 2-14-21 
she 3- 2-21 0 8 Ag 2-21-21 
- 3- 9-21 4 plus 0 Ag 2-29-21 
sie 4g 3- 7-21 
B. K. R. 2-16-21 0 8 15g (S) 2-14-21 
is 3- 2-21 0 8 2g (S) 2-21-21 
ee 3-24-21 0 4 2g (8) 2-28-21 
- lg (8) 3-21-21 
i - 2-16-21 2 plus 4 3g 3-24-21 
si 3-30-21 0 7 
H. 2-23-21 anticomp. 8 Ag 2- 9-21 
. 3- 2-21 0 8 Ag 2-16-21 
3g 3- 2-21 
2-23-21 2 plus 8 no treatment ij 
3- 2-2 0 s “é 6é 
2-23-21 3 plus 7 no treatment = 
3- 2-21 0 8 * = 
3- 9-21 4 plus 7 es si 
3-16-21 3 plus 5 og 3-24-21 
3-30-21 0 5 
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SPECIMEN enim WASSERMANN INDEX Saal SAL aae, ares 
3. 3- 1-21 4 plus 0 Ag 2-23-21 
* 3- 8-21 3 plus 8 Ag 3- 2-21 
ia 4-20-21 3 plus 8 4¢ 3- 9-21 
ee Ag 3-16-21 
= Ag 3-23-21 
‘“ Ag 3-30-21 
R. 3- 1-21 4 plus 6 | 2g (8) 3-28-21 
iy 3-24-21 4 plus 6 2g (S) 4- 4-21 
ig 4- 5-21 4 plus 7 20 ¢.c. (SE) 4- 5-21 
Re. 3- 1-21 4 plus 3 no record 
—" 3- 8-21 0 8 se 66 

7 (S) =SILVER SALVARSAN 
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‘*0.’? as would be expected. The fact that these specimens were not selected but 
were taken in the routine order of examination in the institution accounts for 
the large number of negatives. 

In Table IX similar data is given for the cerebrospinal fluids, with the addi- 
tion, of course, of the gold curves. Since the specimens of spinal fluid examined 
are for the most part from suspicious cases only, a high percentage of positives 
is found here. Attention is called to two findings shown in this table; first, the 
distinct predominance of the syphilitic zone type of curve in the higher indices, 
that is, from ‘‘6’’ to ‘‘8,’’ and the simultaneous predominance of the paretic 
curves in the lower indices, that is, from ‘‘0’’ to ‘‘6’’; second, the absence of 
readings for the indices of ‘‘2,’’ ‘‘4,’’ and ‘‘5.’’ The latter fact is probably due, 
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TABLE XI 


SUMMARY OF 317 SPECIMENS EXAMINED BY THE 
COLORIMETRIC METHOD 


BLOOD SERUM 








Total Number of Specimens 

Positives (colorimetric method) 
Positives (routine Wassermann) 
Negatives (colorimetric method) 
Negatives (routine Wassermann ) 





259 
60 
54 

199 

205 


Wen a | 


CEREBROSPINAL FLUID 


Total Number of Specimens 
Positives (colorimetric method) 
Positives (routine Wassermann) 
Positive Curves, Colloidal Gold 
Negatives (colorimetric method) 
Negatives (routine Wassermann ) 


538 
29 
32 
29 
29 


26 





in part, to the fact that the total number of specimens of spinal fluid examined 
to date is not large. 

Table X includes a number of cases receiving salvarsan, silver-salvarsan, 
and salvarsanized serum intraspinally, during the period of time covered by the 
tests made. The doses given and the dates of treatments are found in the last 
column. This table is included more by way of introduction than for the pur- 
pose of drawing definite conclusions, and more detailed data covering a greater 
period of time will be published subsequently. 


SUMMARY 


1. The colorimetric scale makes it possible to determine with fair accuracy 
the finer gradations in the degree of syphilitic infection. Indices from 1 to 4 
inclusive, for example, cannot be recorded other than ‘‘4-plus’’ by the regular 
Wassermann procedure. 

II. Doubtful readings, such as *‘plus-minus,’’ 1-plus, and 2-plus are given 
a definite designation and are determined with greater certainty by the use of 
the color seale, and the personal equation of the observer is practically eliminated. 

III. In the ease of subjects under antisyphilitic treatment, the recognition 
of a slight drop toward the negative side is possible with the use of the color 
scale, and practically impossible with the routine Wassermann. Slight increases 
to the positive side are recognizable in the same manner. 

IV. With paretice spinal fluids it is seen that the syphilimetrie index ap- 
proaches the reading of ‘*0’’ in proportion as the colloidal gold reaction shows a 
definite paretic curve, whereas the routine Wassermann reading will give simply 
a ‘‘4-plus’’ reading whether the curve is of a strong paretic type or not. The 


syphilitic zone of gold curve predominates in the region of indices from ‘‘6”’ 


to ‘*8,’’ and the paretie type in the region from ‘‘6’’ to *‘0.”’ 

V. Colorimetric readings make possible the recording of the laboratory his- 
tory of syphilis for each patient upon a graphic chart, giving a clear representa- 
tion of the progress of cases under treatment. In Fig. 3 is suggested a method 


for the drawing of charts. 





SYPHILIMETRIC COLOR-INDICES 


APPLICATION OF VERNES’ METHOD TO THE WASSERMANN REACTION 


In the method of Vernes a suspension of an alcoholic lipoidal extract of 
horse heart is used. This colloidal suspension, which is of the same chemical 
character as the antigens generally employed in the Wassermann reaction, is 
‘*floceulated’’ by the syphilitic antibody. The hog serum, in tending to counter- 
act this flocculation, loses a proportionate amount of its hemolytic action upon 
sheep erythrocytes. Upon close examination it appears that this reaction is very 
similar to the other serologic reactions for syphilis. Hitherto it has not been 
customary to emphasize the colloidal nature of the antigens. But since it has 
been shown that these antigens are not true antigens, in the strict serologic sense, 












































4 . & 7 ¢ 4 le 
Fig. 3.—Graphic representative of syphilimetric indices in cases under treatment. 
Initials refer to Table X. 
in that they are not specific in relation to the syphilitic antibody, a possibility 
is presented for considering them from a different aspect, that is, to consider an 
antigen only in its capacity as an organic colloidal suspension. 

The hemolytic activity of the hog serum upon sheep erythrocytes is explained 
by the presence of native complement and antisheep amboceptor in the serum of 
most hogs. It is the use of this hog serum which forms the chief difference be- 
tween Vernes’ reaction and the Wassermann. 

For practical purposes the use of hog serum presents certain difficulties. In 
most hospitals hogs are not readily available, and, even if hog serum is obtained, 
there are instances when it does not contain sufficient complement and ambo- 
ceptor. In view of these facts it was considered worth while to devise a means 
of utilizing the colorimetric features of the method of Vernes in conjunction 
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with a modification of the Wassermann reaction, using guinea-pig complement 
and rabbit amboceptor, and making special efforts to bring the procedure to a 
standard basis where consistent results could be secured. 
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DEVELOPMENT OF THE CHEMOTHERAPY OF ORGANIC ARSENI- 
CALS AND THE RELATED PHYSICAL PHENOMENA* 


By C. N. Myers, Pu.D., New York City, N. Y. 

HE study of the relation of chemical constitution and physiological action 

has led to an intensive investigation of many chemical substances and has 
opened up a field of work known as chemotherapy. The specific action of 
quinine and mereury compounds has long been known. This suggested a care- 
ful investigation of the modifications in the constitution of various compounds 
in which structural changes are made. The work of Ehrlich with metals and 
dyes, of Einhorn and his coworkers on local anesthetics, Knorr on alkaloids, 
of Crum Brown and Fraser, and many others on practical therapy, has pro- 
duced the necessary stimulus for more extensive studies along the line of 
synthetic chemical research. During the past three decades wonderful ad- 
vances in the production of antipyretics, analgesics, narcotics and organic 
heavy metal compounds have been made. Paul Ehrlich has generally been 
regarded as the father of chemotherapy which is based upon the principle 
that the selective action of a compound for certain cells depends on.the com- 
ing together of particular groups in the molecule in some sort of chemical connec- 
tion with the cell substanee. According to this theory it is only when the 
compound is held to the tissues (anchored) by these groups, that the whole 
complex molecule can take effect, and exert its characteristic physiologic 
action. 

Witt’s theory of dyeing is based upon the condition that the color of a 
substance is due to the presence of certain ‘‘chromophore’’ groups, such as the 
azo group, -N=N-, while for the colored substance to have tinctorial prop- 
erties, it is necessary for another, salt-forming group to be present by which 
it ean be held fast to the fibre. A dye, therefore, must contain both a chromo- 
phore and a salt-forming group, and in the same way a drug must contain an 
active group, a pharmacophore group and an ‘‘anchoring’’ group or salt- 
forming group. The analogy may be extended and the phenomena observed 
in the staining of nerve tissues which is comparable to the biological processes 
taking place between poisons and living tissues. 

According to Ehrlich the process of dyeing is similar to drug action in 
that the tissues withdraw the active substance from the original solution. 
With these ideas in mind Ehrlich began the study of organic arsenicals and 
dyes in relation to curing diseases. The etiotropic action of quinine in ma- 
laria has shown that, in those pathogenic organisms which belong to the class 
of protozoa, the susceptibility toward specific poisons ean be greater than that 
of the cells of the higher organisms, and that consequently such a specifie drug 
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may produce an internal disinfection without working injury to the host. 
Particularly useful in enlarging our knowledge of the specific etiotropic rela- 
tions of this class of pathogenic organisms has been the study of the experi- 
mental chemotherapy of the various trypanosome diseases. In 1902 Laveran 
and Mesnil (Annal de 1’Institut Pasteur, 1902, page 792), found that these 
organisms disappeared from the blood of a mouse after the subcutaneous in- 
jections of 0.1 mg. of arsenic trioxide per 20 grams of animal but reappeared 
without repeated administration. However, the mice finally died as the result 
of the repeated administration of this drug, the curative agent being too toxic 
to the host in comparison with its efficiency against pathogenic organisms. 

These conditions led to further development of etiotropic arsenic therapy 
which as its culminating achievement produced a curative agent for syphilis 
introduced as salvarsan. This development was based upon established chem- 
ical laws. The pharmacodynamic effects, the laws of mass action, concentra- 
tion and molecular constitution were all studied in order to find the most satis- 
factory drug. 

The theory of the action of poisons advanced by Loew, furnished a more 
chemical point of view for attacking the synthetic investigation. This theory 
states that all substanees which are capable of acting on aldehyde or amino 
groups, even when in dilute solution, must be poisons for living tissue, on 
which they will exert a substituting action. The greater the reactivity of a 
substance for aldehyde or amino groups, the greater will be its physiological 
effect and toxicity. Substances containing tertiary combined nitrogen are 
usually less toxie than the corresponding substance where the nitrogen is pres- 
ent in the more reactive form of a secondary imino group, exemplified in the 
ease of alkaloids in which there is an alkyl substitution, the resulting tertiary 
base being less poisonous. In other words, the protoplasmic activity is 
increased. This view is supported by the fact that the toxicity of substances 
with labile amino groups is inereased by the addition of a second amino 
group, but is lessened when an amino group is changed into an imino group. 

With these theories available, the study of arsenic therapy was carried 
out. The organic compounds of arsenic contain the metal in the nonionic form, 
which allows the element to be gradually liberated in the organism, produc- 
ing the ordinary arsenic effects. However, these are slightly different because 
the whole organic molecule may alter the penetrative and selective action. 
Generally, the organic arsenic compounds are more toxic to protozoan para- 
sites and less toxic to mammals. In this way protozoan infections are cured. 

In the study on test tube cultures, certain organic arsenic compounds 
were found to be practically ineffective, but showed some activity in the body. 
The points at which organic compounds act and, at the same time, the nature 
of their effects and the order in which they appear, depend on the physical 
chemical properties of the substances in question, these determining whether 
the complex compounds ean penetrate into various organs and cells of the 
body, to which the simple ionizable metallic compounds penetrate either not 
at all or only in the course of very chronic poisoning. 

Cacodylie acid was one of the first organie arsenic preparations used in 
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therapy. This, however, is broken up with too great difficulty and conse- 
quently is not well adapted for the production of the etiotropic actions of 
arsenic. This was the real stimulus in a search for organic arsenical com- 
pounds which were sufficiently nontoxic and which could be absorbed and 
earried about in the organism in unaltered form so that they might penetrate 
into the parasites. 

The following structural formulas show the transformations in organic 
arsenic research. 


/ OH / OH 
O—As—OH —— O=As--CH, —— | | —_— 
\, OH \ CH, \/ OH 
Arsenic acid Cacodylie acid O—As< 
OH 


Phenyl arsinic acid 
NH, NHCOCH, 


r=... | J 
\/ ONa \/ OH 
O—As< O—As< 
ONa ONa 
Arsanilie acid Atoxyl Arsacetin 


By means of biological studies it was found that in vitro these substances 
were relatively inactive but when introduced into the organism it was found 
that they would kill trypanosomes. However the ratio between the curative 


dose and the tolerated dose was a small fraction. In order to produce steriliza- 
tion it was necessary to introduce large repeated doses. This kind of adminis- 
tration produced disturbances throughout the whole organism. These toxic 
effects consisted of disturbances of the digestive system, and nephritis, unpre- 
ventable progressive impairment of vision, and permanent blindness due to 
optie atrophy. This type of organic arsenic compounds contains arsenic in 
the pentavalent condition and by experiment it was found that they under- 
went chemical change in the organism to simple trivalent arsenic. The toxicity 
and the disturbances produced by these compounds indicated that further 
study was required. The fact that these preparations underwent transforma- 
tion in the organism also suggested the necessity for chemical modification of 
the molecule. The preparations represented above all contain arsenic in the 
pentavalent condition and notwithstanding the fact that they were supposed 
to be nontoxic, experience has shown that they are not well suited for therapy. 
It has been necessary to administer them in relatively large doses and these 
are excreted so rapidly and in such large amounts that the harmful effects 
outweigh their efficiency. By introducing repeated large doses, much arsenic 
is stored up in the body and as a result the kidneys, liver, and tissues are over- 
laden with arsenic. Recently some effort has been made to introduce new 
pentavalent compounds into therapy but in the light of our present knowledge, 
modification in the amino group will not offset the bad effects of the pentavalent 
form of arsenic. Arsenic in the pentavalent form is excreted promptly by the 
urine except that which is reduced by the organism to trivalent arsenic and 
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then retained in combination with the body. The kidneys and liver retain 
large amounts of arsenic and for that reason it is desirable to use a drug which 
will be as effective as possible’in small doses and do the least injury to the 
body. Fall in blood pressure, renal irritation, anatomic parenchymatous le- 
sions, and nervous phenomena are manifestations following the use of pen- 
tavalent arsenic compounds. Blindness and acute arsenical poisoning also 
result. 

The observation that atoxyl did not act upon trypanosomes in vitro but 
was highly active in vivo led to the modification of the arsenic molecule. It 
had been found by Binz and Schultz (Arch. f. exp. Path. u. Pharm., 1879, Vol. 
11, page 200) that arsenie pentoxide is in part reduced in the organism to 
arsenious acid and Ehrlich had prepared p-amino-phenyl arsenoxyd from 
atoxyl, finding that it was more toxie to trypanosomes when administered in 
smaller doses. 

Although from the above facts it appears that all compounds of trivalent 
arsenic are much more toxic for higher organisms than the pentavalent form, 
yet it is possible to introduce side chains into the compounds of trivalent arsenic 
preparations so as to diminish their toxicity. By introducing hydroxyl and 
amino groups and making the theoretical isomers, it has been possible to select 
a product which will possess a satisfactory ratio between the etiotropic effi- 
ciency and the toxicity. The combination of trivalent arsenic by molecular 
rearrangement was necessary to obtain this result. The compounds of triva- 
lent arsenic which have met with success in this respect are arsenio phenyl 
glycin (‘£418’), salvarsan (‘‘606’’), neosalvarsan (‘‘914’’), salvarsan sodium, 
galyl (1116), luargol (102), ludyl (1151). 

In preparing salvarsan six hundred and six products were made betteve 
a satisfactory product was produced. Salvarsan, sometimes called ‘‘606’’ and 
officially named arsphenamine in this country has been the subject of consider- 
able study from various sourees. Much speculation about the practical use of 
the patents was offered, but it may be said that all of the patents are usable if 
operated properly. Academic and industrial chemists have collaborated in the 
work of making and improving arsphenamine and already the drug is being 
made extensively in France, England, Japan and America. In America the 
drug is made on a large seale where 15000 grams per day can be made at one 
plant. The following charts illustrate the methods of making ‘‘nitro oxy’’ the 
mother substance of salvarsan, and the further development of salvarsan, neo- 
salvarsan, and salvarsan sodium. 

It is true that many of these methods are not practical but it has been nece- 
essary to study these details in order to provide arsphenamine at a price the 
most reasonable that has been known. This economic feature is one of the 
triumphs of large scale production. There are really only three methods in 
actual use and these are illustrated in the heavier type in the chart. It is nee- 
essary to purify all of the intermediates in order to obtain a pure final product. 
Kober (1919) believed that he was securing a pure salvarsan but failed prin- 
cipally because of the lack of purity of his intermediates. The pure 3-nitro 
4-hydroxy-pheny] arsinic acid is a product that exists in two erystalline mod- 
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ifications. One form is very pale yellow, and the second is a yellow to red 
compound. 

The second most important step in the preparation of this specific is in the 
reduction of the pentavalent compound to the corresponding arseno form. 
This may be done by means of the progressive method in which sulfurous acid 
with potassium iodide as a catalyst is used, or phenyl hydrazine, thionyl- 
chloride, ferrous salts, hypophosphorous acid, phosphorous acid and a variety 
of other substances may be used. In the reduction of both nitro and arseno 
groups the catalytic agent, hydriodic acid is very noteworthy and possesses 
great advantage in activating other reducing substances. By a judicious selec- 
tion of the reducing agent, the reduction of either nitro group or arsenical rad- 
ical can be effected at will, more drastic treatment, by means of sodium 
hydrosulphate, leading to the simultaneous reduction of both these oxygenated 
complexes. 

At this point it might be interesting to give some figures showing the re- 
sults of the change of arsenic from the pentavalent form to that of the triv- 


alent condition. (Fraenkel, p. 668-1912.) All of these aminoaryl derivatives 
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are of the greatest therapeutic interest. In vitro atoxyl in 1 per cent solution 
did not kill a certain strain of trypanosomes, which, however, were destroyed 
by p-amino-phenylarsenious oxide in dilutions of 1 in 1,000,000. Mice afflicted 
with very virulent trypanosomes (nagano ferox) were healed with atoxyl (1 in 
300) only in 5-6 per cent of the cases studied; all cases were healed with 
p-arseno-phenyl glycine (1 in 600) and this arsenical drug kills in the organism 
parasites which are immune to atoxyl. 

The arsphenamine base is converted into the dihydrochloride using con- 
siderable precaution against oxidation. The dihydrochloride is precipitated 
by anhydrous ether and dried in vacuum. Concentrated hydrochloric acid 
which is a patented process could be used for precipitation but the physical 
properties of the final product are materially altered. 

Salvarsan is a yellow, amorphous powder whose color varies slightly, 
due to physical factors unknown at present. However, there is no definite re- 
lation between color, toxicity and arsenie content. This salt is readily solu- 
ble in cold water, methyl alcohol, and ethylene glycol. Any product which 
does not possess these properties is not pure in the chemical and physical 
meaning, nor is it strictly speaking in the chemical sense salvarsan. Contrary 
to the opinion of Rieger and Kober, arsphenamine contains not only methyl 
alcohol, but also water, and ether, free hydrochloric acid, together with ocea- 
sional extraneous inert impurities. For convenience, these amounts of solvents 
have been expressed as water 2H,O, but in no ease has there been any assertion 
that it actually was water of crystallization. The original states that this vola- 
tile material corresponds to 2H,O. It has been expressed as water for the 
very good reason that water is the most abundant volatile product present. 
Aleohol of erystallization does not exist in arsphenamine prepared in the above 
manner. To test this point 400 grams of salvarsan were used and if the 
views of Kober and Rieger were correct there should be about 30 grams of 
methyl alcohol liberated but the facts were that only a trace of methyl alco- 
hol was found (less than 1 eubie centimeter). The arsphenamine analyzed 
31.50 per cent arsenic at the beginning of the experiment with a toxicity of 
140 mg. per kilogram of body weight of rat. By proper treatment the sam- 
ple was converted into anhydrous salvarsan, having an arsenic content of 34.2 
per cent with no change in toxicity. This corresponds to theory for arsenic 
in anhydrous arsphenamine. The experiment showed that there had been no 
decomposition in the product as illustrated by the toxicity, the physical and 
chemical properties. The volatile material corresponds nearly to the theo- 
retical loss and consisted principally of water, hydrochloric acid, with traces 
of ether, and methyl] alcohol, the theoretic loss being about 7.5 per cent. This 
experiment was repeated several times on salvarsan with practically the same 
results, and also upon other salvarsan substitutes. Salvarsan uniformly pos- 
sesses a high arsenic content and is readily converted into the anhydrous 
variety. In some samples of arsphenamine, a maximum of 2 per cent methyl 
aleohol has been found. The aqueous solution of arsphenamine has a hydro- 
gen-ion concentration of about 4.8 on the Sérensen seale. Two molecules of 
sodium hydroxide precipitate the free base; the third molecule forms the 
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mono sodium salt which is soluble in water. The addition of a fourth mole- 
cule of sodium hydroxide forms the disodium salt which is the best form for 
intravenous administration according to the present technic. The hydrogen- 
ion concentration of the disodium salt is 9.4 on the same scale. The mono- 
sodium phenolate is very unstable, easily precipitated by carbon dioxide, 
phosphates and blood proteins. The disodium salt is comparatively stable. 
Arsphenamine is precipitated by strong mineral aeids and has an arsenic con- 
tent of about 31.5 per cent, in its commercial form. The Sérenson method does 
not give absolute figures. 

The toxicity tests should be carried out on healthy rats which are free 
from nutritional disturbances. Toxicity and diet are closely associated, a fact 
well established by the biological tests of the arsphenamine group carried out 
by Professor Gies of Columbia University. Unfortunately the biological 
testing is very far removed from an accurate procedure. The present product 
ean be manufactured on the large seale so that it will uniformly pass a test 
of 130 mg. per kilogram of body weight. The question of the true nature of 
the undue toxicity and impurities is still an open one. A few years ago Scham- 
berg, Kolmer and Raiziss (1917) following the lead of Fraenkel in Die Arz- 
neimittel Synthese, page 667, 1912, made a number of speculations about the 
toxic impurities. Through quotation and acquiescence therein many attribute 
powerful toxie effects to ‘‘arsenoxide’’ which is said to be twenty times as 
toxie as salvarsan. This product has been eliminated in several ways as an 


important source of trouble. First, the researches of Hata in ‘‘Die Chemo- 
therapie der Spirillosen’’ point out that it is six or seven times as toxic as 
salvarsan but also that it is twice as active therapeutically as salvarsan. 
Secondly, the author has examined all the products of all manufacturers for 
‘‘arsenoxide’’ over a period of one year and there is no relation whatever be- 
tween toxicity and ‘‘arsenoxide.’’ Thirdly, pure ‘‘arsenoxide’’ was prepared 
and tested biologically as shown in the following table: 


DOSE IN MG. PER KILO NUMBER OF ANIMALS USED LIVED DIED 
10 5 
15 
20 
30 
40 


~ 


Crsi1 ci 


It thus appears that ‘‘arsenoxide’’ is six or eight times as toxie as ars- 
phenamine but on the other hand according to Hata its therapeutic activity 
is twice as great. It is very evident that this product is not the primary cause 
of untoward symptoms. 

Substanee X suggested by Schamberg et al is readily resolved into three 
factors. The first is an inherent, known factor of toxicity due to the drug 
and the second is faulty technie in administration, and thirdly, the physical 
condition of the product and the solutions. Experiments of the author have 
shown this last factor to be the predominating difference found in products 
of any one manufacture. Arsphenamine should be completely dissolved in 
cold water (20°-30° C.) but we find many references to the use of hot water by 
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well informed investigators. The acid solution should then be treated with 
four molecules of sodium hydroxide for each molecule of arsphenamine. This 
technie was advocated by Ehrlich in 1912 and all literature with the packages 
ealled for that quantity of alkali. The use of too concentrated solutions and 
the rate of injection are the other factors involved in substance X, but are 
controlled entirely by the predominating factor mentioned above, a specific 
physical chemical problem. Impurities from the hydrosulphite creep into the 
final product due to faulty technic on the part of the production chemist and 
these partly account for the low arsenic content of some products. Therapeu- 
tic efficiency is based upon the action of arsenic and it is easily conceivable that 
products low in arsenic are relatively lower in therapeutic efficiency. These 
same products cannot be converted into anhydrous products containing 34.20 
per cent arsenic on account of the presence of the inorganic inert material. 

The presence of sulphur compounds is easily demonstrated, and described 
by Myers and Dumez (U. S. A. Public Health Reports, 1918, xxxiii, 1003), 
in which they point out that it is in combined form. Strzyzowski (Zentr. 
Biochem.-Biophys., 1918, xix, 794) believed that he had found a sulphoacid in 
arsphenamine. However, at this point there should be a reference to the sul- 
phur compounds described in the German patent, D. R. P. No. 205617, issued 
in 1907, in which these sulphur derivatives are very carefully described. 
These so-called new substances were patented and eredit given for informa- 
tion to C. Schulte (1882, Ber. d. deutsch. chem. Gesellsch. xv, 1955) and A. 
Michaelis u H. Loesuer, (Ber. d. deutsch. chem. Gesellsch., 1894, xxvii, 263). 
Further discussion on this subject is found in the Report by the British Med- 
ical Research Committee by Pyman and Fargher (1919). These sulphur com- 
pounds are soluble in alkali, precipitated by acids, little soluble in the alkali 
carbonates, alcohol, and ether. They are said to be more toxic than arsphen- 
amine but possess a correspondingly increased trypanocidal action. 

The presence of tetra-amino-dioxy arsenobenzene may be a small impurity 
when arsphenamine is manufactured by some methods. However, this possible 
impurity is eliminated when the well-known laws of steric hindrance are 
employed. 

The presence of inorganic arsenic has occasionally been reported in the 
literature but it is in such small quantities that it is a negligible factor. (For 
references see Myers and Dumez, U. S. Public Health Report, 1918, Reprint 
No. 472, p. 5.) 

The presence of methyl aleohol can have little to do with the toxicity 
inasmuch as it occurs in such small quantities. In fact injections of salvarsan 
in the early days were carried out with the addition of methyl alcohol in order 
to aid solution. The procedures employed in manufacture exclude the possi- 
bility of the formation of the methylated arsphenamines which have been 
tested out quite extensively. 

Excess hydrochloric acid, ether, acetone and water are found when the 
products are converted into the anhydrous variety. These products will be 
discussed in another article. 
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The inorganic impurities are either sulphites or sulphates with a small 
amount of sodium chloride. 

If the question of toxicity is investigated from a more critical point of 
view, no evidence is at hand to justify a conclusion that individual samples 
of a given manufacture or even of different manufacture contain substances 
sufficiently toxie to explain the ordinary variations. The intermediate prod- 
uets and by-products have been quite thoroughly studied and it might be 
safely said that none of these products do occur in sufficient quantity to offer 
any explanation of undue toxicity. It appears that the relative ‘‘undue 
toxicity’’ has been greatly exaggerated due to definite errors of technic ex- 
plained on a physical basis. 

The variations in toxicity have sufficient explanation in small differences 
in the state of physical dispersion of the product. This is well substantiated 
by diseussion which is to follow. It must be realized that arsphenamine is a 
semicolloid in the form of the dihydrochloride and during alkalinization it 
passes through the following stages: 
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A few test tube experiments will readily show these changes in passing 
from a relatively disperse phase through a distinct colloid into a second dis- 
perse phase as illustrated in the formation of the disodium salt. An exagger- 
ated but often performed clinical operation is worthy of mention at this 
point showing the effect of physical condition. Many fatalities have been 
recorded in which the dihydrochloride in water has been injected through 
carelessness or oversight. The work of Danysz, and Fleig has shown that the 
high toxicity of this acid solution is not due to its acidity as such. After 
examining many samples of the commercial product, the author has found that 
there is about two-tenths of one per cent of free hydrochloric acid present 
in addition to that which is combined with the two amino groups. It is there- 
fore impossible to attribute variations in toxicity to varying amounts of free 
hydrochloric acid. In unpublished data the author has isolated the precipi- 
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tates formed when the acid solution is added to the blood, serum, and plasma. 
The amount of precipitate is proportional to the hydrogen-ion concentration 
of the solution. The largest amount of precipitate is given by the solution 
of the dihydrochloride, less with the monosodium salt and none with the 
disodium salt, when it is added slowly, or in other words there is a coarser 
state of dispersion in the case of a solution of the dihydrochloride than in the 
ease of the disodium phenolate solution. When the disodium salt is injected 
into the blood stream, the high hydroxyl-ion concentration tends to allow a 
finer state of dispersion and also permits a more uniform rate of chemical 
transformation. In fact these blood precipitates are so characteristic for dif- 
ferent products that one can identify the product by the nature of the precipi- 
tate. In addition to the physical changes taking place in the drug itself, ac- 
count must be made of the modifications of the physical state of the blood 
stream itself. Calcium unites very readily with arsphenamine and at certain 
Pu values is a definite yellow precipitate. The same applies to magnesium, 
therefore it is advisable to keep the solution definitely on the alkaline side of 


the neutral point. 

‘‘Colonel Harrison has reported to the Committee the curious behavior of 
certain samples of ‘606’ which, though apparently not inherently toxic to an 
abnormal degree, since they may be given with impunity if carefully made up 
with freshly distilled water, readily cause symptoms of vasomotor disturbance 
if made up with boiled and filtered tap-water. In contrast to these ‘sensitive’ 
samples, he finds that other batches of the product never cause abnormal re- 
actions, whether made up with boiled tap-water or distilled water. It would 
be very difficult to reconcile such an experience with the view that the abnor- 
mal toxicity depends on the presence of an undue proportion of more toxie 
by-produets. It is more readily intelligible, though by no means susceptible as 
yet of detailed explanation, on the view that the variations of toxicity are 
due to small differences in the physical properties of different samples of the 
preparation. 

‘‘This view, as to the relation between the toxicity of ‘606’ and the state 
of dispersion in which it separates from solution on neutralization by the 
blood, has been given more definite form by some French observers. The alka- 
line solution, when exposed to air, sooner or later shows an incipient tur- 
bidity, as the alkalinity becomes reduced by absorption of carbon dioxide. 
It has been stated that samples, the alkaline solution of which begins to become 
cloudy and to give a deposit within 10 minutes, will readily cause vasomotor 
disturbances (‘crises nitritoides’) on injection. This statement does not aceord 
with the evidence obtained from the official tests of ‘606’ in this country, the 
results of which have been put before the Committee. Many samples showing 
this early tendency to separation of the base have been perfectly satisfactory 
from the point of view of toxicity, whereas others, the alkaline solution of 
which remained perfectly clear for a long time after preparation, have exhib- 
ited an acutely toxie action leading to their rejection.’’ (British Med. Res. 


Committee, 1919.) 
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Our usual chemical analysis has led us to assign the formula R As = As R 
to salvarsan but more detailed analyses from the physical chemical point of 
view will probably point to a greater association of molecules than that which 
is illustrated by the usual formula. In this connection it is interesting to 
note the structural formula which is ascribed to Galyl, a phosphoric acid 
derivative of arseno-benzol (so called by the French). The formula for this 


product is as follows: 
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The freezing point depressions which have been carried out in this labora- 
tory show that the lowering is extremely small, indicating that there is either a 
distinet colloidal condition or a relatively large association of molecule, a 
phenomenon similar to the observations of Morse and Myers in their studies on 
osmosis at 0° C. in the dilute sugar concentrations. (Carnegie Institute for 
Advancement of Sciencee—Monograph on Osmotie Pressure. ) 

In relation to these physical differences recently observed we should not 
fail to refer to a statement by Ehrlich and Bertheim (Ber. d. deutsch. chem. 
Gesellsch., 1912, xlv, 764). The amount of alkali used in various preparations, 
the kind of solvent whether it is pure water, water containing alcohol, physio- 
logical saline, and the rapidity by which the alkali is added play an important 
part in the solution of salvarsan. Small deviations make great variation in the 
solution and it seems probable that colloids enter into these changes. 

On this basis this laboratory has always recommended a uniform pro- 
cedure in the preparation of solutions of arsphenamine. The author has con- 
clusively shown that reactions could be almost entirely eliminated by this 
procedure. The product is dissolved in a definite number of cubie centimeters 
of water and then exactly and uniformly alkalinized. Overemphasis on the 
matter of shaking has appeared in the literature but it should be pointed out 
that shaking acid solutions causes no harm, and at low temperatures little 
trouble will be experienced with alkaline solutions. 

Dr. G. C. Lake, formerly of our staff, has definitely shown that there is a 
decrease in toxicity when salvarsan is allowed to stand thirty minutes or more 
after the addition of the alkali. The alkali should be added all at once. 
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MG. OF DRUG PER KG. OF ANIMAL NUMBER OF RATS TIME OF STANDING SURVIVALS 
100 5 Immediate 
120 66 
130 
140 
120 
130 
140 


oO 


46 
sé 


30 min. 
30 min. 
30 min. 


Crcr1 Cr Gr Gt er 


These tests were carried out on an average grade of rats obtained from 
the open market. By regulating the diet as pointed out by Prof. Gies, the 
toxicity figures would be materially lowered. On a well regulated diet the 
toxicity is from 20 to 30 mg. lower. In unpublished data, Hooper has shown 
that 60 per cent of the animals will survive at even higher doses when the 
rats are subject to quarantine and given a prescribed diet as given in detail 
in his article. In the above table the changes in toxicity are quite manifest 
as the time of standing is increased. If the formula for colloids is recalled the 
factors, time and temperature are observed to be extremely important. The 
application of time, temperature, and concentration are insufficiently em- 
phasized in the matter of testing arsphenamine and also in its clinical use. 

In relation to the colloidal properties of the arsenicals of the ‘‘arseno’’ 


type, the work of H. Bauer (Arbeiten aus dem Inst. f. Exp. Ther. u. dem, 
Georg. Speyer-Hause, 1919, No. 8, page 45) is of special interest. These ex- 
periments were carried out in the course of their investigation on the physical 
chemical conditions of aqueous solutions of these complex arsenicals. These 


investigations are extremely important in the clinical use of these products 
which show such a marked tendency to separate out, to dissolve and to gelatin- 
ize. Special interest is attached to the addition of one molecule of silver 
nitrate to one molecule of salvarsan. At first there is an orange colored solu- 
tion formed; then if alkali is added the free silver salvarsan base is precipi- 
tated as a dark yellow solid dissolving in an exeess of alkali producing an 
intensive dark brown solution (change in color). Observations of this kind in- 
duced Bauer to look for colloidal changes. He used the methods of Graham. 
(Phil. Trans., 1861, p. 183), Biltz (Ztschr. f. physikal. Chem., 1910, Ixviii, 
p. 365), H. Bechold (Die Kolloide in Biologie und Med. 2nd edition, p. 114). 
By these methods he was able to study the size of the arseno particles and their 
diffusibility through the ultrafilter. A color change similar in nature is ob- 
served during the transformations described on page 26 of this article. 

During the course of Bauer’s innvestigations it was found that a large 
part of the dihydrochloride solutions was held back by the ultrafilter, showing 
that there were colloidal particles of large diameter remaining in the solution, 
while the dry sodium salt when dissolved showed less colloidal tendeney than 
the freshly prepared disodium salt. 

The arseno compounds have been arranged by Bauer in this order: 


1. Collargol (Colloid) 

2. Salvarsan Silver Sodium 
3. Neosalvarsan 

4. Salvarsan dihydrochloride 
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5. Salvarsan freshly alkalinized 
6. Salvarsan Sodium 
7. Silver nitrate (krystalloid) 


The conclusion drawn from these experiments is that these products are 
semicolloids easily changing their physical condition under the influence of 


other physical factors. 

The last point to be discussed in this paper is the question of viscosity, a 
physical factor of much importance in the study of matter in solution. Shern- 
dal in a paper (unpublished) read before the American Chemical Society in 
Rochester, 1921, has pointed out some very significant facts dealing with the 
changes of the viscosity of products in solution and their relation to the nature 
of the precipitating media. The theoretical nature of viscosity of solutions 
and colloidal solutions is discussed at length in numerous treatises on this 
subject. The report of Z. Klemenziewiez (Sur les proprietes colloidales des 
solutions aqueuses du Salvarsan (Bulletin de la Societe Chimique de France. 
Vol. 27, pp. 820-824): ‘‘The dichlorhydrate of dioxy-4, 4’-diamino-3. 3’- 
arsenobenzol, better known under the name of ‘Salvarsan’ or product ‘606,’ is 
a substance which presents a decided interest not only for medicine, but also 
for pure chemistry. The facility with which its molecules react with the most 
varied substances is known. It would not astonish us then to learn that they 
also unite among themselves to form large or complex molecules. In preparing 
slightly concentrated solutions of Salvarsan, it is seen that upon contact with 
its derivative, sulphoxylate (neosalvarsan or ‘914’), 606, instead of dissolving, 
at first absorbs water, forming a jelly which is only slowly dissolved. It is 
striking that it is especially the last remains of the jelly that take the longest 
time to dissolve, although the solution is far from saturated. In looking for 
an explanation of these phenomena, I undertook the study of the viscosity of 
solutions of 606 by the ordinary method of flowing through capillary tubes. 
My experiments showed that the viscosity of a given solution is not imme- 
diately constant, but grows from the moment of preparation to attain an 
approximately constant value, much higher than the initial value. 


I II 
Na dy 
“dt 
ee ere Tree rT Cee 0,00015 
0,00083 
0,0039 
0,012 
0,030 
0,13 


CONCENTRATION 


‘‘The full curves of the chart illustrate the change of the relative viscosity 
(the viscosity of water at 15° being chosen as unity) of solutions of 2, 4, 6, 8, 
10 and 12 per cent, maintained at a temperature of 15°. The abscisse mark 
the time in minutes. Tables I and II contain respectively the first values of 


viscosity and the initial speed of increase a7 . 





CHEMOTHERAPY OF ORGANIC ARSENICALS 31 


‘1st. It is seen that the initial speed as well as the final value increases very 
considerably with the concentration of the solutions. This explains the fact 
that concentrated solutions of 606 cannot be obtained practically, because they 
gelatinize after a time, the more quickly in proportion as they are more con- 
centrated. Another disagreeable consequence is observed through the exact- 
itude of our measurements. Already during the preparation of the solution 
its viscosity increases in a variable manner and the beginning of the time is 
consequently badly determined. 

‘Tf by diluting a 10 per cent solution which has already attained its final 
value, less concentrated solutions are quickly prepared, these show values of 
viscosity higher than the corresponding y»x«. These values decrease with the 
time so as to approach sufficiently the values »« of this table. The least con- 
eentrated solutions are those which best illustrate this phenomenon. 

‘‘2nd. If we maintain the solution between two measurements at a higher 
temperature (the measurements themselves are always made at 15° and several 
minutes are allowed to elapse so that the solution and the apparatus take this 
temperature) the viscosity more quickly attains its yx but this value is smaller 
than for a solution maintained at 15°. The broken curve refers to an experi- 
ment made at 25° with a solution of 12 per cent. A 10 per cent solution, 
sealed in an ampule filled with nitrogen, was heated for 5 hours at 50° and 
then left for 4 days at 15°. It only attained = 15, or less than half or the cor- 
responding « (36). It is observed that complete reversibility is lacking, 
which may be due to a chemical composition. 

‘*3rd. The titer of acidity influences the turn of the curves. The dotted curve 
shows the variation of the viscosity of an 8 per cent solution in normal hydro- 
chlorie acid. The increase of Sis observed, the value of y= is tripled. The 
viscosity then decreases, which is due to a chemical action of the acid, for a 
precipitate soon appears. Since the trade product shows very noticeable 
differences in titers of acidity* the entire series of measures must be made on 
the samples of the same lot, which has been the ease in the present study. 
Our product contained 0,142 gr. HCl per gram of salvarsan. I believe, further- 
more, that the degree of polymerisation (see below) of each lot is influenced by 
its past, especially since the change continues in the solid state. A solution of 
10 per cent having attained its yx was precipitated and redissolved with a 
few drops of concentrated caustic soda. The viscosity fell suddenly to 2,1, 
and the fall was prolonged for two days attaining 1,3, which represents ap- 
proximately the viscosity of a 10 per cent solution of product 914. Also the 
viscosity is in order of size, when pertaining to solutions of sodium salts of 
cinnamie and phthalic acid and of other aromatic substances of a similar 
molecular size. 

‘According to this result, the aqueous acid solutions of 606 are ranged 
among the colloids called stable ‘lyophiles’ or ‘emulsoids,’ with solutions 
of gelatine, albumen, ete. It must be noted that product 606 possesses likewise 
the (aminee) function. As its structure is known, the study of its properties 


*The theoretical acidity of dichlorhydrate is not maintained in practice. 
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could perhaps assist as in the investigation of the above mentioned substances. 
It is besides not without interest for the exploration of the mechanics of 


therapeutic action of 606. 

‘*As regards the cause of the phenomenon described here, it could straight- 
way be supposed, in view of the great power of 606 of being oxidized that 
the increase of viscosity is due to a chemical reaction of this kind. But it is 
found that the phenomenon is perceptibly the same for solutions maintained 
in an inert gas, and that in all cases the free surface was small. Otherwise the 
oxidation of 606 produces known substances, well crystallized, the solutions 
of which show a normal viscosity. We must, on the contrary, believe that 
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Chart III 


solutions of salvarsan give rise to very strong polymerisation of the molecule, 
probably accompanied by hydration. This reaction seems to obey the gen- 
eral laws of chemical mechanies, as the action of the temperature and 
of the concentration show. It is interesting that it may be due to ions 
(AsC,H,OHNH.H)*, while ions (AsC,H,NH,O)-, present in alkaline solu- 
tions, do not seem inclined to this transformation.’’ 

W. L. Miller (Jour. Phys. Chem., 1920, xxiv, 562) has shown that two 
solutions have the same toxicity only when they are in equilibrium with their 
constituents in the solutions and have the same potential. Complications may 
arise from the toxicity of the salts themselves or in dilute solutions from the 
plasmolysis of the cells, independent of the toxicity of the solutions employed. 
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These facts are of much significance in the explanation of why one clinician 
gets no reactions while another using identically the same product under 
slightly different conditions may have some trouble. 


ADMINISTRATION 


Irom a chemical point of view, the investigator immediately raises the 
question: Why does Salvarsan react with protozoa and blood proteins? These 
questions are fundamental to the whole subject of chemical dynamics and 
chemical equilibrium, which factors are actively and constantly engaged in 
carrying out the body functions. The cause of all chemical reactions is to be 
found in the fundamental laws of energy changes. Every energy change 
ean be factored into two parts, an intensity factor and a capacity factor. 
These last two factors are causes of disturbances in the administration of ars- 
phenamine. It is well known that, when two substances are brought together, 
there is a tendency to equalize the differences in the intensity of the intrinsic 
energy producing the chemical change and on this basis the technic of admin- 
istration must be carried out with the utmost care. A more homely illustration 
might be used in which a piece of sodium hydroxide is dropped in concentrated 
sulphurie acid with a violent reaction, whereas if dilute solutions of the same 
reagents are used, no perceptible change is noted, even though the equilibrium 
point is the same. 

These same laws apply to arsphenamine. Large doses in concentrated 
solution when injected rapidly produce localized intensified energy changes 
which finally extend over the whole circulatory system. Whereas, the injection 
of more dilute solutions allows the gradual equalization in equilibrium. Ars- 
phenamine forms a chemical combination with the protozoa and also with the 
blood protein and the rate of formation determines the intensity of the reac- 
tion. The arsphenamine should be carefully alkalinized with four molecules 
of sodium hydroxide after the dihydrochloride is completely dissolved in eold 
water. This clear solution should be diluted in the proportion of one decigram 
to twenty or twenty-five cubie centimeters of freshly distilled water. The 
intravenous administration should be carried out in about a half hour after 
the preparation of the solution at a slow rate of flow. With this technic the 
possibility of the formation of precipitates is almost entirely eliminated. 

In this connection it is interesting to call attention to the recent work of 
Oden, 1920. This work has a direct bearing on the clinical use of the drug, a 
point long emphasized by the author of this paper. Oden states that pre- 
cipitates formed in ionie reactions consist of single-grain particles (primary 
particles). The size (radius, r) of the particles is determined by the manner 
in which the solutions are poured together, temperature, and the concentra- 
tion of the electrolytes. Primary particles remain in their single-grain 
structure only in the presence of a definite concentration of electrolytes 
(critical concentration). The concentration of an electrolyte necessary to 
maintain the primary particles as such is characteristic of the suspended 
particle and of the salts in the solution. The critical concentration may on 
the one hand be very narrow in range (perhaps less than 0.001.mol.) or on the 
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other hand, have rather wide limits (as in my experiments with BaSO,-potas- 
sium citrate, 0.001 to over 1.0 mols.). When the amount of the electrolyte 
passes the critical concentration, the primary particles unite to form aggre- 
gates (secondary particles). The size (r) of the secondary particles is de- 
pendent upon the electric charge of the primary particle as determined by 
its radius, also by the concentration of the primary particles and the concen- 
tration of the electrolytes in solution. In the majority of precipitates from 
ionic reactions the radius of the particles attains a fixed maximum, which is 
determined by the electrolyte concentration. When a precipitate consisting of 
secondary particles is shaken up in water the particles are resolved into their 
primary particles. Such primary particles reaggregate when the fluid comes 
to rest. In re-forming secondary particles these assume a size appropriate to 
the concentration of electrolytes present, and if this concentration has been 
changed to a point nearer the critical concentration, the radius of the re- 
formed particles will be less than of the original secondary particles. By 
careful adjustment the radius may in this manner be reduced to the radius of 
the primary particles (disaggregation). Such secondary particles are said to 
be reversible. 

With a decrease in the potential of the primary particle there is an in- 
erease in the number of primary particles in the aggregate. The author 
conceives the potential of the particles as dependent upon the anions and 
eations adsorbed, and this in turn upon the radius of the particle, also the 
cheinical nature of the particle and the individual ions of the coagulator. 

It has been shown in our laboratories that there is a decreased toxicity 
when the solution is allowed to stand thirty minutes. In many instances the 
decrease in toxicity amounts to as much as 30 per cent. This peculiar change 
in toxicity undoubtedly throws a peculiar light upon many reports on the 
toxicity of the drug where time, temperature and concentration have been 
dealt with in an inaccurate manner. There is no doubt that there is need for 
a marked revision of the literature on this subject. The question of standing 
is readily explained either on the basis of intramolecular rearrangement or on 
the basis of the change of the physical state of the molecules. 


CLINICAL FEATURES 


After a little consideration it will be observed that the end results are 
those which are most important. Unfortunately this phase of research does not 
receive as thorough analysis as it should. Realizing this, the work at our 
laboratories has been directed to the point of coordination of manufacturing, 
chemical, biological, and clinical facets. A drug has no practical use unless it 
ean alleviate or perhaps cure a disease when it is administered in the most effi- 
eacious manner. In this respect, there is too great a diversity of pseudo- 
scientific opinion. The specifie object sought after in this instance is to eure 
syphilis and its effects on the large seale, but on account of the unreliability 
of patients who fail to grasp the seriousness of the disease and the proper 
approach of the physician, good intentions go wrong. There is a lack of the 
knowledge of the frequency of treatment, the size of the dose, and the con- 
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traindications. At present repeated 0.4 gram doses of salvarsan are gener- 
ally advocated, but the frequency of treatment is a wide variable. The use of 
repeated fractional doses is a technic that has been advocated as long as the 
drug has been on the market. There are still a few who adhere to the large 
(0.6 gram) doses without any scientific reason whatever. The physician has 
failed to grasp the point that biological processes are governed by the laws of 
chemical dynamics and that an arsenic equilibrium must be established in the 
host and in the parasite in order to produce a cure. Investigation is now 
going on with the intention of establishing this point in its relation to fre- 
queney and size of dose with the greatest safeguard to the patient. The fre- 
quency of administration and the rate of elimination are the factors necessary 
to determine this equilibrium. At present we get cures and reduced Wasser- 
mann test, but on a scientific basis and by means of biologie work these re- 
suits should be more frequent. Inasmuch as it is almost obligatory to receive 
treatment for venereal disease, it seems wise that standard methods should 
be devised. 
REACTIONS 

Reactions are the phenomena which disturb the physician and the patient 
and the manufacturer in their relations one to the other. Conscientiously no 
one desires to be the cause of fatalities and consequently it has been necessary 
to assist and teach physicians the best way of using a synthetic chemical 
which unfortunately does not tacitly submit to misuse. Literature provided 
with these finished products is of little use inasmuch as it readily finds its 
way to the waste basket. In order to assist in the propaganda against vene- 
real disease it has seemed best to study these questions in the clinic. In 75 
per cent of the cases reactions have been due to faulty technic where poor 
water was used, or under alkalinized solutions, or old solutions were em- 
ployed in the administration. Also the use of concentrated solutions given 
rapidly with a syringe should be included in this class. To test out this ques- 
tion thoroughly several hundred injections were made with the same product, 
using the same technic throughout, with the exception of concentration. In 
the case of the concentrated solutions, there were more minor disturbances 
although nothing serious resulted, while in the dilute solutions given slowly 
by gravity no trouble whatever occurred. W. H. Wilcox (Lancet, May 24, 
1919, p. 872) in his Lettsomian Lectures points out that arsenobenzol deriva- 
tives have a powerful toxic action on the liver cells and an intense degenera- 
tion with much fat deposition is found in the liver and kidneys in fatal cases 
and in consequence of the danger of the occurrence of grave toxemia the 
dose has been reduced. Other types of reactions that oceur are flushing, 
coughing, diarrhea, pains in the back, and in severe cases vomiting, convul- 
sions and coma may result. Reactions appear to be more frequently set up 
by the use of the monosodium salt which is readily decomposed in the venous 
blood yielding precipitates which clog the capillaries. These precipitates 
have been isolated and analyzed. If the treatment is continued over too long 
a period the kidneys and liver show signs of chemical poisoning and a rest 
is desirable. The diet and physical condition of the patient should be carefully 





36 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


watched in addition to the attention given to blood pressure, examination of 
the urine, ete. When the body reaches the maximum arsenic equilibrium, it 
is unsafe to continue the injections. 

If we apply some of the physical chemical suggestions discussed in the 
preceding paragraphs, it is readily observed that they have a direct application 
to the subject of reactions. Colloids are common to the blood stream in the 
sense that the surface affinities have already established an equilibrium. Now 
if a foreign colloid ‘‘in solution’’ is introduced with varying viscosity, poten- 
tial, and dissociating powers, it is apparent that there is immediate need for 
the establishing of an equilibrium. Hydrogen ions tend to aggregate (pre- 
cipitates) as in the ease of the acid solutions and the monosodium salt in the 
presence of carbonates, whereas the hydroxy] ions tend to disperse as in the 
ease of the disodium salt. With these views well substantiated by clinical 
findings, it readily appears that detail study of the dynamies of these products 
in their relation to therapy is desirable. 

It has long been pointed out that acute reactions are principally disturb- 
ances of the physical equilibrium of the blood stream. If injections are made 
with dilute solutions, well alkalinized and injected slowly, a precipitate of very 
small diameter may be formed which is quickly converted by the body into a 
soluble and easily utilizable product. This converted protein compound is the 
one which is deposited in the tissues and by its slow decomposition protozoa 
are killed. This type of drug might very easily be called the ‘‘active’’ drug, 
and the one which actually produces the etiotropie effects. These physical 
phenomena are being studied more in detail to determine the extent and the 
exact nature of their application to the question of reactions. ; 

In this connection Sicard and Paraf (1921) have aptly suggested: ‘‘The 
‘shock’ resulting from the intravenous administration of the novarsenicals or 
arsenical colloidelasia is attributed to a disturbance of the colloidal state of 
the body fluids. The authors observed that the injections of sterile solutions 
of Na,CO,, which had been kept in containers of soft glass, were frequently 
followed by similar phenomena. This they attribute to the products of the 
reaction of the Na,CO, on the glass, since when solutions from hard-glass 
containers were used no such after-effects were obtained. When 30 e.c. of 
physiological saline solution containing 0.6 to 0.7 g. of NaHCO, are injected 
intravenously just before the administration of the novarsenical no untoward 
results oceur.’’ This point was early pointed out by Myers, 1919, 1921, and 
resulted in the development of the automatic burette for preserving and using 
alkali. 

In order to arrive at definite knowledge about drugs, it is necessary 
for the closest cooperation to exist between industry and biological and phys- 
iological testing. The end of chemotherapy studies is not in sight and it is safe 
to say that in the near future new and more valuable remedies will be syn- 
thesized. This can only be accomplished by the application of known physical 
and chemical laws to physiological processes. The time has arrived when the 
study of chemotherapy will be applied in the chemical industry and the future 
supply of drugs will be readily available. 
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SUMMARY 


1. The chemotherapeutic development of arsenicals is discussed showing 
the relation of pentavalent arsenical products to those of the trivalent con- 


dition as illustrated in the ‘‘arseno’’ type. 
2. The rationale of the physiologic action is discussed from the chemical 
point of view showing the effect of the chemical action of mass, concentration, 


and pharmacodynamics. 
3. A complete chart showing all the possible methods of arriving at the 


final product salvarsan (with references) is given. 

4. Methyl alcohol of erystallization is discussed with sufficient fullness 
to exclude it in the calculation of the often debated ‘‘2H,O’’ content. 

5. Anhydrous arsphenamine is a practical test of the purity of the tech- 


nical products. 
6. The lethal dose of ‘‘arsenoxide’’ is found to be about 25 mg. per kg. 


of animal weight. 

7. Impurities and their relation to toxicity are discussed. There is no 
relation between ‘‘arsenoxide content’’ and toxicity of various samples. 

8. The chemical transformation of the product is shown in a chart show- 
ing the opportunities for physical chemical changes to take place. 

9. The physical chemistry of arsphenamine is given with reference to the 
presence of colloidal properties and a discussion of the question of solutions 
in reference to viscosity, potential, dissociation, equilibrium, and ultrafiltra- 
tion and their relation to toxicity. 

10. The administration of the drug in relation to concentrated and dilute 
solutions is discussed. Standing for thirty minutes tends to decrease the 
toxicity of freshly alkalinized solutions of arsphenamine. 

11. Need of clinical standardization is pointed out. 

12. Reactions are explained in terms of disturbances of chemical equilib- 


rium (precipitates). 
BIBLIOGRAPHY 


Bauer, H.: 1919. Kolloidechemische Studien in der Salvarsanreihe. Zur Kenntnis des Silber- 
salvarsannatriums. Arbeiten aus dem Inst. f. Exp. Therapie und dem Georg. Speyer- 
Hause zu Frankfurt a/M., No. 8, p. 45. Verlag—Gustav, Fischer, Jena. 

Bechold, H.: 1919. Die Kolloide in Biologie und Medizin, ed. 2, p. 114. Steinkopff, 
Dresden and Leipsic. 

Biltz, W., and Vegesack, A. V.: 1910. Ueber den osmotischen Druck der Kolloide, Ztschr. 
f, physikal Chem., Ixviii, 365. 

3inz, C., and Sehultz, H.: 1879. Die Arsengiftwirkungen vom chemischen Standpunkt be- 
trachtet, Arch, f. exper. Path, u. Pharm., xi, 200. 

British Medical Research Committee, 1919, No. 44, His Majesty’s Stationary Office, London. 

Reports of the special Committee upon the Manufacture, Biological Testing, and Clinical 
Administration of Salvarsan and of its Substitutes. No. 1. 

D. BR. P. 1907. No. 205617, ‘ 

Danysz, J.: 1917. Les propriétés physicochemique des produits du groupe des arsenobenzenes ; 
leurs transformations dans l’organisme Ann, de 1’Inst. Pasteur. xxi, 114-137. 

Ehrlich, Paul: 1910. Die experimentelle Chemotherapie der Spirillosen. Julius Springer, 
Berlin. 

1911. Salvarsan. Verlag, J. F. Lehman, Muenchen, 

Ehrlich, P., and Bertheim, A.: 1912. Ueber das Salzsaeure 3:3’diamino-4:4’dioxyarseno- 
benzol und seine naechsten Verwandten. Ber. deutsch. chem. Gesellsch., xlv, 756. 

Fargher, G. F., and Pyman, F. L.: 1920. The Composition of Salvarsan. Jour. Chem, 
Society, exvii-exviii, 370. 

Fraenkel, 8.: 1912. Artzneimittel Synthese. Julius Springer, Berlin. 

Graham, Th.: 1861. Liquid Diffusion Applied to Analysis, Phil. Trans., cli, 183. 





38 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


Klemensiewicz, Z.: 1920. Sur les propriétés colloidales des solutions aqueuses du salvarsan. 
Bulletin de la Societe chimique de France, xxvii, 820. 

Kober, P. A.: 1919. Preparation of Arsphenamine (Salvarsan), Jour. Am, Chem. Soc., 
xli, 442. 

Lavernan, A., and Mesnil, F.: 
l’Inst. Pasteur, xvi, 792. 

Michaelis, A., and Loesner, H.: 1894. Ueber nitrirte Phenylarsenverbindungen. Ber. d., 
deutsche Chem, Gesellsch., Vol. 27, p. 270. 

Miller, W. L.: 1920. Toxicity and Chemical Potential, Jour. Physical Chem, xxiv, 562. 

Morse, H. N., and Myers, C. N.: 1914. Monograph on Osmotie Pressure, Carnegie Inst. 
for Adv. Science. 

Myers, C. N., and DuMez, A.: 1918. Qualitative and Quantitative Tests for Arsphenamine 
and Neoarsphenamine. U.S. A. Public Health Reports, Vol. 33, p. 1003. 

Reports of the special Committee upon the Manufacture, Biological Testing, and Clinical 
Administration of Salvarsan and of its Substitutes. No, 1. 

Myers, ©. N.: 1919. Salvarsan (Arsphenamine) Administration and Its Relation to the 
Pharmacist. Prac. Drug., Sept., 1919. 

1921. The Automatic Burette. Med. Times, xlix, No. 5, p. 110. 

Oden, Sven.: 1920. The Structure of Precipitates. Svensk Kem. Tidskrift 32, 74-85, 9098, 
108-110. 

Pyman, F. L., and Fargher, G. F.: 1919. British Medical Research Committee. His 
Majesty’s Stationary Office, -London. 

Rieger, J. B.: 1919. Notes on the Decomposition of Arsphenamine, Jour, Lab, and Clin. 
Med., iv, 181. 

Schulte, C.: 1882. Ueber Phenylarsensulfide. Ber. d. deutsche chem. Gesellsch., xv, 1955, 

Schamberg, J. F., Kolmer, J. A., and Raiziss, G. W.: 1917. Experimental and Clinical Studies 
of the Toxicity of Dioxy-diamino-arseno-benzol Dichlorhydrate. Jour. Cutan. Dis., 
xxxv, 286, 

Sherndal, A. E.: 1921. Read before the spring meeting of the American Chemical Society, 
Rochester, N. Y. 

Sicard and Paraf: 1921. Intravenous Sodium Carbonate Treatment of Novarsenical Colloid- 
elasia. Bull. Med. Soc. Med. Hop., Paris 45, 11-6. 

Strzyzowski, C.: 1918. A Sulfur Compound Which is Present in Very Slight Amounts in 
Salvarsan, Zentralbl. Biochem.-Biophys., xix, 794. 

Wilcox, W. H.: 1919. Toxie Jaundice Produced by the Action of Chemical Poisons. The 
Lancet, London, exevi, 871. 


These references are arranged according to Dewey system of bibliography. 


1920. Le traitement et la prevention du Nagana, Annal. de 





VENTILATION, WEATHER, AND THE COMMON COLD 


A Srupy OF THE PREVALENCE OF RespiraToRY AFFECTIONS AMONG SCHOOL 
CHILDREN AND THEIR ASSOCIATION WITH SCHOOL VENTILATION 
AND THE SEASONAL CHANGES IN WEATHER 
(Continued from vol. vi, page 698) 


By Grorce T. Paumer, M.S., EpIpEMIOLOGIST 
Detroit DEPARTMENT OF HEALTH 


DISCUSSION OF VENTILATION TYPES REPRESENTED IN THIS STUDY 


The conclusions arrived at in discussing the relation of ventilation to colds 
raise the question as to whether all methods of school building ventilation by 
mechanical means are discredited by this test. This inference is of course 
unwarranted. The results of this study apply only to the types of ventilation 
here represented, a brief description of which will be given. 

The selection of schools was made by the writer after a conference with 
Mr. Frank G. McCann, heating and ventilating engineer of the New York 
City Board of Education. Altogether over fifty schools were considered, and 
more than half of this number were visited in person by the writer. 

There were many factors to weigh in making the selection. It was de- 
sired above all to choose schools possessing all three types of ventilation. As 
previously explained, this was found impossible except for one school. These 
conditions were nearly fulfilled in one other instance where the three types 
were found in two schools within a block or so of each other. For econven- 
ience it was desirable that the schools should be located within Manhattan and 
Bronx Boros. To represent this territory, selections were made in Lower 
Manhattan, Central Manhattan and Upper Manhattan and the Bronx. It 
was further desired that the ventilation methods should have already been in 
use for some time prior to the experiment, so that uniform operating condi- 
tions would be established. It was possible to adhere to this requirement in all 
but one school, 165, in the first study and all but four in the second. In 
these four, 165, 97, 115 and 33 Bx., window ventilation was arranged by block- 
ing off the fan supply inlets to the rooms and by installing deflectors at the 
windows. The effort was made to select schools whose mechanical ventilation 
equipment was in good condition and in capable hands. Lastly it was essen- 
tial that the principal of the school should be in sympathy with the objects 
of the study. 

Schools 12, 147 and 22 were located in lower Manhattan, the first on Mad- 
ison and Jackson Streets; the second on Henry and Gouverneur, and the 
third on Stanton and Sheriff. Schools 59 and 73 were in Central Manhattan, 
the former on 57th Street near Third Avenue, the latter on 46th Street near 
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Third Avenue. School 165 was on 109th Street near Broadway; 39 on 126th 
street near Second Avenue; 2 Bx. on 169th Street near Third Avenue. The 
schools added in the second study were 97 on Mangin Street between Stanton 
and Houston, in the lower East Side; 115 on 176th Street near Audobon Avenue; 
33 Bx. on 184th Street and Jerome Avenue, Bronx; 51 Bx. on Trinity and 
Jackson Avenues, Bronx. 

The date of erection of each building, as well as the type of building ven- 
tilation is shown in Table XXII: 


TABLE XNIT 








T CONTROL REMARKS 





SCHOOL DATE OF ERECTION AERATION HEA 
AND ADDITIONS 





12 1908 Window and Grav. Exhaust Thermostatic 
147 1898 Plenum Fan and Gray. Exh. sé 
929 1843-1873-1891-1902 ee 7). 2a si ii si 
73 1880-1902 Windows ang Grav, Exhaust Manual 


59 1871-1904-1908 Plenum Fan and Gray. Exh. Thermostatie Also air washer 
165 1898-1905 sé ce ec ce ‘é ce 

39 1903 Windows and Gray. Exh. 

2 Bx. 1874-1886-1902 Plenum Fan and Grav. Exh. 
1915 Plenum and Exhaust Fans* $6 Also air washer* 
1899 Plenum Fan and Grav. Exh. o 


1914 Plenum Fan and Grav, Exh. ‘is Also humidifying fan 
1915 is re: ne és sig Also air washer 


*This refers only to the two rooms used in the study. 


ce 


ce 





The window ventilated rooms had direct radiation beneath the windows. 
In the first study there were no deflectors except at School 73. In the second 
study deflectors were provided in all rooms of Type A and B. All of these 
rooms had gravity exhaust openings to permit air circulation. It is best that 
these openings be in the inside wall opposite the windows. This arrangement 
did not exist in many rooms, the openings being in walls adjacent to the 
windows and frequently so small in size as to be really of little service in keep- 
ing the room well aerated. Direct radiation was thermostatically controlled 
in all eases save in School 73, where it was manually controlled. 

The mechanical ventilation consisted usually of plenum fans, air being 
driven into the classrooms near the ceiling and leaving through gravity exhaust 
openings near’the floor. These rooms were also provided with direct radia- 
tion under thermostatic control. A check on the ventilation was had by means 
of ribbons on the inlet. These were observed by the nurses, who could thus 
tell in a rough way the efficiency of the blowers. 

The system at School 147 gave a weak and irregular air flow to the three 
classrooms during the first study, and windows were frequently opened. This 
condition was greatly improved in the second study. 

School 22 had a plenum fan system in the new wing. The air flow in the 
rooms was continuous and pronounced, and windows were rarely opened. 
Anemometer readings at the register face made on January 8, 1917, showed 
1640 eubie feet per minute in Room 402, 1960 in 403 and 1620 in Room 404. 

School 59 had a plenum fan system in the new addition built in 1908. This 
consisted of two blowers and an air washer. This equipment was in most capable 





VENTILATION, WEATHER, AND COMMON COLD 41 


hands, and the rooms were at all times well flushed with humidified and washed 
air. Windows were always kept closed. On January 15, 1917, anemometer 
measurements showed the following air flow in cubic feet per minute: Room 
203-—1400, 205—1300, 206—1740, 501—1150, 503—1380, 505—760. During 
both studies there was continuous and pronounced flow in all rooms. 

School 165 had a plenum fan system with gravity exhaust which proved 
inadequate for the rooms used in the study. At times air flow was ample, 
again deficient. Conditions were better in the second study. 

School 2 Bx. consisted of an old and new section, the latter built in 1902. 
This section contained the plenum fan ventilating equipment with gravity ex- 
haust. Air flow was fairly continuous and pronounced. 

The orientation of the classrooms varied somewhat in the three types, 
the A rooms having a greater amount of southern exposure. 


TABLE XXIII 


ORIENTATION OF CLASSROOMS IN First Stupy 








VENTILATION N., N.E., w. S., S. E., 
TYPE - N. W. 
A 12 


B ¢ : 4 
C ¢ 3 








RESULTS IN NEWER SCHOOLS ADDED IN SECOND STUDY 


When this study was begun, there were no schools erected within two or 
three years which could be used. In the second study we were enabled to 
add four schools, three of which had just been opened to pupils within the 
year. School 51 Bx. contained two rooms in which the Ventilation Commis- 
sion was making studies on the effect of humidification, both being ventilated 
by plenum and exhaust fans. These results were included in the grand 
totals, but of course they do not furnish us with a comparison of the types 
forming the basis of this study. The respiratory sickness rates were higher 
in the humidified room. Temperature was about the same in both. Odor 
was frequently noticeable in the humidified room. 


TABLE XXIV 


RESPIRATORY ILLNESS IN ScHOoOoL 51 








PER CENT SESSIONS 





VENTILATION ABSENCE SICKNESS TOTAL TEMPERA- RELATIVE ESP. ODOROUS 
TYPE RATE IN AT- RESP. TURE HUMIDITY FRESH 
TENDANCE SICKNESS 
RATE RATE 


Humidified 4.0 148. 152. 67.6 44 
Not Humidified 14.7 50. 64.7 67.4 29 








School 33 was an older building, but because of work already in prog- 
ress there by the Ventilation Commission, the sickness records were also col- 
lected and added to the grand totals of this study. Ventilation was by 
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means of plenum fans and gravity exhaust. The fan inlets were blocked off 
in the Type B rooms and deflectors placed at the windows. The respiratory 
sickness rates were less in the two window ventilated rooms than in the 
two of Type C. The fan rooms were slightly warmer but less odorous. 


TABLE XXV 


RESPIRATORY ILLNESS IN ScHooL 33 








PER CENT SESSIONS 


VENTILATION ABSENCE SICKNESS TOTAL TEMPERA- RELATIVE ESP, ODORP.OUS 
TYPE RATE IN AT- RESP. TURE HUMIDITY FRESH 
TENDANCE SICKNESS 
RATE RATE 


52 76.2 69.4 54 








B 4. 
Cc 7 


) 
0 72 109.0 70.6 30 





School 97 was just completed in 1915 and was equipped with plenum 
fans and gravity exhaust, the air being washed and humidified before entering 
the rooms. Three rooms were chosen to represent each of Type B and C. 
The respiratory sickness rates were the lowest here of all the schools. Sickness 
was less in the fan ventilated rooms than in the window rooms. The fan 
rooms were a degree warmer and were much better aerated. 


TABLE XXVI 


RESPIRATORY ILLNESS IN SCHOOL 97 








PER CENT SESSIONS 





VENTILATION ABSENCE SICKNESS TOTAL TEMPERA- RELATIVE ESP. ODOROUS 
RATE IN AT- RESP. TURE HUMIDITY FRESH 
TENDANCE SICKNESS 
RATE RATE 
47 52.6 66.7 42 ‘ 
37 40.7 67.6 45 85 








The location of this school was along the East River, and across the 
street was a large stable whose odors were frequently wafted over to the 
school at times of east wind. This interfered with the free use of the windows. 
The fan ventilated rooms were not troubled by these odors. One of the three 
window rooms was on an enclosed court which also cut down free air circu- 
lation. The experience at this school was very suggestive. Here was an il- 
lustration where fan ventilation provided a more satisfactory result than 
window ventilation. Schools with similar locations in the neighborhood of 
noxious odors are evidently better served by indirect washed air than by tak- 
ing air direct from the windows. The teacher of one window room was 
well satisfied and much preferred it to the fan ventilation of the building. 
The majority opinion, however, favored the fan rooms. 

School 115, erected in 1914, was equipped with plenum fans, a humidifying 
pan and gravity exhaust ducts. Air flow was at all times ample. Little or 
no use was made of the humidifying pan. Respiratory sickness was greater 
in the fan ventilated rooms. 
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TABLE XXVII 


RESPIRATORY ILLNESS AT ScHOOL 115 








PER CENT SESSIONS 
VENTILATION ABSENCE TEMPERATURE RELATIVE ESP. ODORKOUS 
TYPE RATE HUMIDITY FRESH 
B 30.4 67.6 28. 2 3 
C 47.2 67.6 26. 1 6 
(Note: The comparative data on sickness among pupils in School are not available for 
this school.) 











A great deal of dissatisfaction with the fan ventilation existed among 
the teachers in this school. Complaints of dryness and drafts were common. 
The window rooms were by far the more comfortable. 

In the three schools added in the second study, where Types B and C were 
studied, the window rooms showed less respiratory illness in two, and more 
in one. This supports the findings in the other schools. 

In view of the favorable showing for fan ventilation in a very modern 
school with humidification such as 97, it may appear that the results of this 
study do not apply to installations of the latest design. It is true that we 
cannot generalize too widely in the matter, but on the other hand, School 59 
possessed very modern equipment and was operated in every way as per- 
feetly as 97, and yet the sickness rates here were higher than in the other rooms 
crudely equipped for window ventilation. 

The buildings used were representative of what existed in New York City 
at the time. All were not of the very latest construction; nor were all of 
ancient pattern and design. All types were represented. The buildings 
were equipped and built with plenum fan ventilating systems. These systems 
were not ideal. They possessed faults as judged from the ventilating engi- 
neer’s viewpoint of the year 1915. 

The rooms fitted up for window ventilation were not built for this pur- 
pose. They were altered for the plan in mind. In no instance were the fa- 
cilities complete. 

As a comparison of average fan ventilation in New York City school build- 
ings and ventilation of the same buildings without fans, the present study 
is entirely fair. If either type of room is lacking in its equipment, it is the 
window ventilated rooms which labored under the greater handicap. 


METHODS OF RECORD TAKING 


+ 


A word may be devoted here to the method of collecting records. 

Each classroom was visited morning and afternoon. In the morning a 
record was made of the pupils absent and of the pupils in attendance who 
exhibited signs of a cold. The cause of absence was ascertained by a visit to 
the home. If a physician were in attendance his diagnosis was accepted. If 
no physician were in attendance, the nurse diagnosed the case, and when in 
doubt, her opinion was checked by a medical inspector. Many absences were 
not due to illness, as the subsequent records will indicate. 

The diagnosis of minor illness among pupils in school was made by the 
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nurse. Many pupils with symptoms of a cold were pointed out to the nurse 
by the teachers. 

At the beginning of the afternoon session the nurse again visited each 
room to ascertain absences, and the causes were determined in the usual man- 
ner. No effort was made at this time to determine illnesses among those pres- 
ent. A child recorded as having coryza in the morning was credited with 
the same affection in the afternoon if he or she were present in school. 

In addition to the routine described above, the nurse entered each class- 
room at about 10:30 a.m. and 2:15 p.m., or just prior to the midsession 
aeration of the room, and recorded her impressions of the air conditions and 
made determinations of temperature and humidity with a sling psychrometer. 
The actual procedure was to enter the room, walk down the side aisle to the 
rear and thence up the middle aisle to the center of the room. The impres- 
sion of odor was then recorded in terms of the scale given below. Next 
in order were recorded the sensations of temperature, moisture and air motion 
in terms as shown. The psychrometer was then swung at a level of about 
three to four feet from the floor, the wet bulb having been moistened from a 
small bottle of water carried for the purpose, and both wet and dry bulb 


readings noted. 


VoTING SCALES OF SENSE IMPRESSIONS 


ODOR “TEMPERATURE MOISTURE AIR MOTION 
Exceptionally 
fresh Too warm 40 Moist B Dead 
Cc 


Odor absent 2 Satisfactory Neutral Bet. R & T. 
Breezy or 


Odor Cool 20 Dry D drafty T 


Before departing, the nurse made notations of the position of windows, 
whether open or closed, position of door and transom and activity of flag at- 
tached to the inlet register in the fan ventilated rooms. 

Prior to the beginning of the study the nurses were carefully rehearsed 
in their duties and were given demonstrations in the use of the sling psy- 
chrometer. 

The diagnosing of respiratory illness was frequently checked up by 
medical school inspectors and the supervising physician of the study, Dr. Leo- 
pold Marcus. 

For several weeks during the second study all diagnoses were made by 
medical inspectors. Their opinions fully confirmed the interpretations made 
by the nurses and verified the casual inspections of physicians made prior to 
this time. 

Respiratory illness is responsible for 19 per cent of absences from school; 
illness other than respiratory (including, however, the acute contagious dis- 
eases) 37 per cent; and causes other than illness 44 per cent. 


THE SCHOOL PERSONNEL AND RESPIRATORY ILLNESS 


The personnel of the pupils is a marked factor in determining the respira- 
tory illness rates distinet from environmental influences. This was recognized 
at the outset, and an attempt, but partially successful, was made to equalize 
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this influence among the three ventilation types. Some schools were high in 
respiratory. iliness in both studies, while others were low in both. 

Considering the total respiratory illness rates for both studies, Schools 
12 and 147 had the lowest figures. These schools are on the lower East Side 
in the heart of the Russian-Jewish districts. The buildings are old. The 
average temperature was around 64 degrees. These two schools may. be 
contrasted with Schools 165 and 115, which were located in very good neigh- 
borhoods and were attended by native born children of well-to-do parents. 
Both are of more recent construction than 12 and 147, P. S. 115 having been 
erected in 1914. In spite of environmental and social advantages, the upper 
Manhattan schools had high rates from respiratory illness. 

In general, the schools located in congested districts and attended by 
pupils of inferior economic and sanitary status had less illness than those 
located in the better class neighborhoods. 

Averaging the rates by social and economic status, the above facts stand 
out clearly. 


RESPIRATORY ILLNESS RATES 
SOCIAL AND AMONG THOSE 
ECONOMIC . STATUS SCHOOLS ABSENT IN ATTENDANCE 
Very good 165, 115, 33 34.7 78 
Good 59, 2 Bx., 51 Bx. 10.6 85 
Poor 12, 147, 22, 97, 73 7.6 35.4 
Very Poor 39 10.8 21.6 











An explanation of this unexpected result is not easy to give. It prompts 
the query—Does prosperity undermine health and are our children of supe- 
rior social status coddled to their detriment? 

It is entirely possible that the children in the poorer districts acquire a 
more specific immunity by reason of their congested manner of living. It 
has been shown by Vaughan and the writer that the city boy made a hardier 
soldier in our army camps in 1917 and 1918 and was less subject to disease 
than the country boy.* 

It is also possible that the pupils in the poorer neighborhoods become 
‘‘hardened’’ by slight exposure to cold, the body becoming less sensitive 
to environmental changes. Overheating and overeating are drawbacks to 
which this class is less familiar than their more fortunate schoolmates. In 
many respects material success converts a man into a less perfect physiologic 
machine. As the battle with the elements becomes less severe, the stimula- 
tion to physiological combativeness wanes. Lack of exercise, complex food 
as distinguished from simple coarse food, and life in uniformly and highly 
heated buildings without question weakens the body physically. In these 
statements may be found the explanation of this peculiar distribution of the 
ordinary forms of respiratory illness. 

In view of the fact that the Type C rooms had more girls than the others, 
the question arises as to whether this would not account for the greater ill- 

*“Communicable Disease in the National Guard and National Army of the United States During 


the Six Months from September 29, 1917, to March 2° 1918.” By Col. V. C. Vaughan and Capt. T. 
G. T. Palmer, Jour. of Laboratory and Clinical Medicine, Vol. III, No. II, August, 1918. Pages 693-693. 
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ness.** This presupposes that girls are more susceptible to colds than boys, 
a supposition for which there is no justification so far as we know. There is 
no indication of this in the present study. 

In the first study, P. S. 165, Type C had the highest respiratory absence 
rate, yet only 28% of the pupils were girls. The next highest rate was at P. 
S. 2, Bronx, Type B, where 50% of the pupils were girls. The third highest 
rate was at P. S. 165, Type B, where all the pupils were boys. 

P. S. 2, Bronx, Type C, had high illness rates in the second study and yet 
only one-third of the pupils were girls. 

P. S. 12 and 147 had low rates in both studies and the ratio of girls 
to boys was four to one in the first study and three to one in the second. 


TYPES OF RESPIRATORY ILLNESS 


Lacking the diagnosis of a medical man as to the specific type of respira- 
tory illness in all instances of this study, we cannot publish these facts with 
any degree of certainty. However, we submit the statements of the nurses, 
which it will be remembered were frequently checked by the medical school 
inspectors. 

The most prevalent form of respiratory illness causing absence was ton- 
sillitis, which amounted to 32 per cent of the total. Slightly less prevalent 
were coryza (25%) and bronchitis (22%). Laryngitis and pharyngitis were 
less frequently mentioned. 

Of the illnesses among those present in school, coryza representing 62% of 
the total, is the most prominent. Bronchitis stands second with 20% and 
laryngitis third with 10%. 

Tonsillitis is especially prevalent in the Type C rooms. Other affections 
are greater in Type C, but no one affection seems to be characteristic of any 
ventilation type. 

Illness other than those listed under the term ‘‘respiratory illness’’ were 
due to a great many causes. Diphtheria, scarlet fever, measles and chicken- 
pox were responsible for a small amount of absence, but absence from these 
causes combined amounts to less than that due to tonsillitis alone. In the 
first study the indefinite term ‘‘sickness’’ was given as responsible for more 
absence than any single cause. More specific terms were used in the second 
study. Headache was a frequent cause of absence, being mentioned most 
frequently in the Type C rooms. Appendicitis was responsible for a number 
of absences. A miscellaneous group of innumerable causes makes up the 
bulk of the absence causes. No particular form of illness seems to charac- 


terize any ventilation type. 
WEATHER AND RESPIRATORY ILLNESS 


Although aside from the ventilation question it is of interest to note the 
fluctuations in respiratory illness from week to week and the corresponding 
changes in weather. From the preceding pages it is evident that the indoor 


**The percentzge of girls in Type C was 60 in the study and 54 per cent in the second. 
The figures for Type B were 37 and 31 and for A, 41 and 49. 
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atmosphere has an influence on health. By combining the records of all schools 
it will be possible to follow the seasonal change in respiratory illness. 

In Chart IV we have shown the sickness rate in each type of ventilation 
by weeks along with the room temperature and relative humidity. The data 
for Schools 97, 115 and 51 Bx. are omitted, as records were available only 





FIRST STUDY SECOND STUDY 
FES. 14 — APRAS, 1916 OCT. 30 - JAN. 26, 19t7 


TOTAL RESPIRATORY SICK 
s weeks 


~—e—-— +e —-+<-F-—- 


ROOM TEMPERATURE 


= HUMIDITY 
! 


WEEKLY INCIDENCE OF TOTAL RESPIRATORY 
ILLNESS IN CLASSROOMS VARIOUSLY VENTILATED 


Data from all schools included. 
E.xcep? 97, 115, 5) Bx 

A- Cold, wir jow ventilated rooms (about $9 °) 

B- Cool, window ventilated roome (Cabout 65°) 

C- Fan ventilated rooms Cabout 69°) 











Chart IV. 


during the last seven weeks of the second study. The fan ventilation group 
shows the greatest amount, and the window ventilated, moderate temperature, 
the lowest amount of respiratory illness throughout. 

Respiratory illness declines from February to April although the fan ven- 
tilated rooms show the highest point during the middle of March. Colds 
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are at a higher level in October than they are in April. In the Type C and 
B rooms colds increase abruptly during the first 5 weeks in the Autumn. 
Type C then holds this level. The B rooms fall off and do not rise again until 
January. Colds in the Type A rooms increase gradually from October till 





RESPIRATORY ILLNESS AMONG SCHOOL CHILDREN 
AND IT'S enema WITH THE WEATHER 
y Weeks 


FIRST STUDY SECOND STUDY 


Bweeks Feb.i4,-Apr. 6,196 12 weeks Oct. 30, '9!6- Jan. 26, 1917 


Total Respiratory Iliness Rates 


OUTDOOR WEATHER RECORDS 


Per Cent of Possible Sunshine 


te Humidity 


ly Wind Velocity 











Chart V. 


the first week in December. From this point they decline only to rise again 
the latter part of January. 

Room temperature in the fan ventilated rooms is the most uniform, keep- 
ing quite constantly between 68 and 69 degrees. In the window rooms Type 
B, temperature has a slightly wider variation, from 65 to 68 degrees, but is 
consistently below Type C. In Type A rooms we note a wide variation, 
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from 55 to 66. During February and March these rooms run between 50 
and 60, and this is true also in December and January. In April and Novem- 
ber the temperature is from 60 to 65. 

Relative humidity is greatest in the A rooms. It is lowest in March and 
January. As will be seen from a later chart, humidity is influenced mostly 
by outdoor temperature and next to that by outdoor moisture. 
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The general points to be noted from this chart are that colds are more common 
in fall than in late winter, that even though the room temperature and humid- 
ity in Types B and C are quite similar, there is an appreciable difference in 
the prevalence of colds, and finally that the course of respiratory illness from 
week to week is guided mainly by influences other than the temperature and 


humidity of the classroom. 
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That outdoor weather bears a close relationship to colds is illustrated 
by the various graphs on Chart V. Far overshadowing other weather in- 
fluences is temperature. In the spring, colds decrease as the weather becomes 


warmer. In the fall, oncoming cold weather is coincident with increasing 
respiratory affections. 





Week Ending 


Week Ending 3 


THE SEQUENCE OF COLDS AND PNEUMONIA 
NEW YORK CITY 1916-1917 





Colds among 3000 school children expressed 
as arate per 1000 pupil session registration 
units. 

Total deaths from pneumonia (all forms) 
in New York City. 











Chart VII. 


What is understood as changeable weather does not have marked influence 
on colds. The third week in February shows an extreme daily change in 
temperature with no accompanying increase in colds. 

Relative humidity shows wide variations from week to week without corre- 
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sponding undulations in the sickness curve. The late winter is more blus- 
tery than the fall, and yet colds are less numerous in the windy season. 

Temperature and colds are most closely related. Is it temperature per 
se or the total chilling effect of all weather elements combined? The formula 
derived by Dr. Leonard Hill of England from his instrument known as the 
kata-thermometer permits us to sum up in a single expression the combined 
deheating effect of cold, evaporation and wind action.* From the mean 
daily outdoor temperature, vapor pressure and wind velocity we have com- 
puted the mean ‘‘total H’’ or total deheating power of the elements. This 
graph has been placed alongside curves for respiratory illmess in the 
second study, and mean temperature and a fourth curve labelled ‘‘comfort.’’ 
The comfort vote is a summary of the recorded daily impressions of the tem- 
perature feeling of the weather, as judged by three members of the staff 
of the Ventilation Commission. 

The kata and temperature curves closely parallel each other. In some 
respects the kata curve is more closely associated with the rise and fall of 
illness than the temperature curve. Thus, the kata curve shows increasing 
cold for the first four weeks corresponding to increasing illness. The tem- 
perature curve shows no increase in cold in the fourth week over the third. 

Illness falls off as the temperature stabilizes. In the 7th week tempera- 
ture again descends, and sickness picks up. The 10th week is much colder as 
judged by the kata reading although the temperature is no lower. There is 
however, very low humidity and high wind velocity, which are heat extrac- 
tors. These data suggest that it is the total chilling effect of the atmosphere 
rather than low temperature alone that is conducive to illness. 

The curve of outdoor temperature comfort closely parallels the temperature 
curve, more so than the kata curve. 

The sequence of mild colds in November, followed by heavier colds in 
December and then by pneumonia in midwinter, is strongly suggestive of a 
progressive weakening of vitality. Our mid-winter pneumonia peak is thus 
the result of attrition of vital resistance caused, among other things, by acute 
respiratory affections in the months preceding. 


SUMMARY AND CONCLUSIONS 


From the results of this study there appears to be something inherent in 
the indirect method of ventilating schoolrooms by means of forced draught and 
gravity exhaust, as practiced in this study, that is productive of respiratory 
affections, something which is not present in rooms ventilated with windows 
and gravity exhaust. What these unfavorable elements are is not entirely 
clear. Higher temperature is one. Uniformity of temperature and air flow 
is another. Uniformity is characteristic of the fan ventilated room. In an 
unvarying atmosphere the occupants miss that pleasant stimulating effect. 
Evidently the absence of this quality affects health adversely as well as 
comfort. 


*“The Measurement of the Rate of Heat loss at Body Temperature by Convection, Radiation 


and Evaporation.” By Leonard Hill, F. R. S., O. W. Griffith and Martin Flack, Philosophical Trans- 
actions of the Royal Society of London. Series B. Vol. 207, pgs. 183-220. 1916. 
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The temperature of window ventilated schoolrooms may be reduced as low 
as 59 degrees without increasing the prevalence of colds. 

It must not be inferred that window ventilation as represented in this 
study was uniformly satisfactory. It was not. As a rule the rooms exposed 
on the east do not fare as well as others. Ample exhaust openings are 
better than those of small area. There is the matter of location of outlets 
with respect to the windows, location, size and control of direct radiation, 
window deflectors, ete., which affect the success of window ventilation. All 
of these factors must be studied. 

In spite of our inadequate knowledge of window ventilation at its best, 
the fact remains that the window rooms of this study, even though of crude 
arrangement and not built originally for the purpose, competed on favorable 
terms, from a hygienic and aesthetic standpoint, with the most elaborate 
and costly fan and duct equipment. The tendency in the past twenty years 
has been away from natural and toward mechanical ventilation. The time 
and effort of the heating and ventilating engineer has been directed toward 
the perfecting of mechanical means for aerating buildings. What would 
the same amount of effort have yielded if expended on the development of 
natural ventilation? Possibly something of great value and at less expense. 

Because window ventilation is practicable for the ordinary schoolroom, 
it does not follow that the assembly room, the theatre and other places 
seating several hundred people ‘can also be dealt with in this manner. Each 
type of enclosure must be handled as a distinct problem. Natural ventilation 
has its limitations. That the schoolroom is not beyond these limitations is 
the indication of this study. 

The factors which, above all others, promote comfort, health and effi- 
ciency are coolness and fluctuating air motion. If the teacher maintains her 
classroom in a changing condition, without draughts, between 64 and 70 
degrees, with the mean lying nearer the lower figure, it matters little from 
a practical standpoint what the other measurements of ventilation indicate. 
To this standard the room properly equipped with window ventilation and 
gravity exhaust, can readily conform. 

In its quantitative effect on respiratory illness school ventilation is of 
much less moment than the outdoor weather influence. Respiratory affections 
increase with the onset of cold weather. They diminish with the advent of 
mild weather in the spring. Wind and humidity accentuate the temperature in- 
fluence. Sunlight exerts at least a warming influence sufficient to modify 
the unfavorable effect of cold. Abrupt changes in temperature do not in- 
fluence respiratory illness as much as one might expect from everyday 
experience. 

The sanitarian is interested in the prevention of the tremendous increase 
in the mortality from the pneumonias, which occurs in cold weather. If it 
is possible to mitigate the unfavorable weather effect by the proper regulation 
of the indoor atmosphere, it behooves the public health fraternity to bend 
every effort toward this goal. The problem is an alluring one. The results 
of this school study hold forth much promise in this direction. 
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LABORATORY METHODS 


AN APPARATUS FOR THE RAPID DETERMINATION OF NITROGEN 
IN BLOOD AND URINE* 


By C. E. Reyner, Detroit, Micu. 


HE adoption of Folin and Wu’s excellent system of blood analysis’ in 

this laboratory created the demand for a device by which a large number 
ff total nonprotein nitrogen determinations could be made simultaneously. 
With the idea that the device would be used also for the determination of total 
nitrogen in urine, an apparatus has been devised and made which has given 
a high degree of satisfaction. Twelve specimens of blood or urine may be di- 
gested simultaneously and the determinations be completed with ease in thirty 








Fig. 1. 


minutes. Deviees for this purpose heretofore described have been inefficient in 
that a long period of time was necessary to complete the series due to long pe- 
riods of digestion and to the numerous transferences of solutions. The much 
used macro Kjeldahl battery of digestion flasks and distilling flasks requires at 
least two hours to complete a series of twelve determinations in addition to re- 
quiring large amounts of acid and caustic soda. Thus, the apparatus described 
later effects a great saving in time as well as in chemicals. So far as accuracy 
is concerned, by using Folin’s technic for urine? highly satisfactory recoveries of 
added nitrogen have been obtained by the author, as accurate as the macro 
Kjeldahl method if not more so. 


*From the Laboratory Department, Henry Ford Hospital, Detroit, Mich. 
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The apparatus which is illustrated in the accompanying photograph consists 
of the base plate, 31.5’x3’x0.25”, into which 12 micro burners are screwed, 3 
pieces of 34” pipe, 2 elbows, 12 clamps, 12 Pyrex tubes, 8”x1’’, and one feed 
pipe, 33’x0.5”, to supply gas to the burners. At each end of the base plate is 
a small cross piece, 5’x1”x0.25”, to increase the stability of the device. The 
type of micro burner necessary is that which has a removable base. After re- 
moving the bases, the burners are screwed into appropriate holes in the base 
plate and connected suitably to the feed pipe. The frame supporting the clamps 
and tubes is 12” high. The clamps are adjusted so that the end of the tube is 
about one inch above the burner. Any change in the angular adjustment of 
the clamps is unnecessary after the first adjustment has been made, i.e., no ad- 
justment need be made during the digestion. The plate, frame, feed pipe and 
clamps are steel, but, to give a more permanent and durable finish, these parts 
have been nickel plated. The micro burners need not be plated as they are 
usually made of a very durable metal or alloy. It is very convenient to have 
at hand with this apparatus a test tube rack capable of holding 12 tubes, 8”x 1”. 

Two inch glass funnels have been found most convenient to use in covering 
the mouths of the digestion tubes during the final heating. 

Langstroth*® found difficulty with the digestion of the bluod filtrate and 
suggests that the tube be held as nearly horizontal as possible during the pre- 
liminary heating and then changing to a vertical position for the final heat treat- 
ment. With the apparatus described no such difficulty has been encountered 
and no change in position of the digestion tube has been found necessary. It is 
only necessary to reduce the flame for the final heating. Probably his use of 
m-phosphorie acid as the precipitant caused his difficulty with the digestion. 

REFERENCES 
1Folin and Wu: Jour. Biol. Chem., 1919, xxxviii, 106. 


2Folin: Jour. Biol. Chem., 1916, xxvi, 473. 
3Langstroth: Jour. Biol. Chem., 1918, xxxvi, 377. 





AN AUTOMATIC PIPETTING DEVICE* 


By W. F. Lorenz, M.D., Mapison, WI1s. 


[‘ THE serological laboratory of the Wisconsin Psychiatrie Institute a large 
number of Wassermann tests are made every day. In our method eight 
tubes are used for each serum. With an average of about one hundred 
serums daily it means the addition of measured amounts of fluid to over eight 
hundred test tubes. Certain of the factors that enter into the Wassermann are 
always used in constant amounts. For instance, the dose of corpuscle suspen- 
sion is fixed according to whatever system is employed. In our method the 
amboceptor dose is likewise constant since we adjust the hemolytic system by 


*This apparatus was developed during a research on treatment of central nervous syphilis under- 
taken at the University of Wisconsin by funds appropriated by the Interdepartmental Social Hygiene 
Board of Washington, D. C. 
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varying the amount of complement. The dose of antigen is also fixed in the 
system we use. Our technic therefore requires the delivery of constant meas- 
ured amounts of three elements into a series of test tubes. This work is ordi- 
narily done with a graduated pipette. The corpuscle suspension in a 1 per cent 
strength is measured by means of a 10 ¢.c. pipette. The amboceptor and antigen 
used in smaller doses are measured by a 1 or 2 ¢.c. graduated pipette. This is 
a time-consuming and laborious task. 

In an effort to improve this technic an apparatus used in the department 
of Pharmacology at the University of Wisconsin was tried. This apparatus was 
built by J. S. Hipple and patterned after the Woodyatt! machine used for 
the constant intravenous administration of glucose. After a satisfactory trial 
a further modification was designed and built by Mr. Hipple, to meet the special 
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Fig. 1—S, 2 cc. record syringe; J, inflow; O, outflow; P, syringe piston connections with 


slide; A, connecting rod; S, movable sleeve on connecting rod; 7, thumb screw to fix eccentric posi- 
tion; AS, adjusting screw controlling eccentric position; P, pulley for power transmission or direct 
motor attachment. 


needs of our laboratory. This latter instrument has now been in constant use 
for over six months and has been very satisfactory. 

The apparatus consists of a mechanically operated syringe in which the in- 
flow and out-flow of fluid is directed by two simple check valves. The syringe 
piston is attached to a connecting rod pivoted at one end. At about the middle 
of this rod is a sleeve which is attached to a gear. This attachment is movable, 
affording any desired eccentric position; the farther from the center the greater 
the movement of the connecting rod and accordingly a larger stroke of the piston. 
Precise adjustment can be made and the instrument is ealibrated at this part. 
The adjustment is made with the adjusting serew and firmly held in position by 
a thumb serew. The syringe used in our work is a 2 ¢.e. record. The large 
gear is operated by a worm, the shaft of which is attached to either a small motor 
as direct power or a pulley for power transmission from a counter shaft. The 
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speed of the apparatus is controlled by a rheostat if directly connected to a 


motor. , 
Two such instruments have been in constant use for several months. At 


various times a careful test was made. This consisted in taking a series of 
alternate deliveries into weighing bottles. Each delivery was then weighed on an 
analytical balance. The machine was set for either 1 ¢.c. or 0.5 ¢.c. One e.e of 
saline was carefully measured with an Oswald pipette and taken as a standard. 
The temperature of the saline was constant under the conditions of the test. 














Fig. 2. 
Another series of tests were made with a 1 per cent corpuscle suspension. The 
variation in the deliveries of the apparatus never exceeded 0.015 grams per c.c. 
That is the instrument would occasionally deliver 0.0075 gms. more than the 
standard and during the same trial without further adjustment deliver an 
amount which was .007 less than the standard. The maximum variation from 
This degree of accuracy was ob- 


the standard was therefore less than 0.02 c.e. 
At a slower speed the varia- 


tained under a speed of 48 deliveries per minute. 
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tions from standard were still less. Trials were not made at a slower speed than 
20 per minute. 

In testing the accuracy of hand pipetting with a 10 ¢.c. graduated pipette 
under conditions of greater care and precision than can be routinely employed, 
the variation in amounts delivered was twice as great and in some instances four 
times. In other words a variation of 0.05 ¢.c. is not unusual in the routine use 
of a fairly large calibered 10 ¢.c. graduated pipette. The apparatus therefore 
's without question as accurate as the best hand technic possible in the usual 
serologic technic. This advantage would in itself not be sufficient. The gain 
lies in the speed with which these accurate deliveries are made. In a series of 
80 tubes to be filled with 1 ¢.c. amounts the hand method, taking into account 
refilling the pipette, consumes four minutes. The apparatus fed from a constant 
supply in an overhead container, will perform the same task in one minute and 
forty-five seconds. This gain in speed becomes a big factor when several racks 
are run at one time and the operation is repeated throughout the series of tubes. 
The total gain in time becomes a matter of hours when a large series of tests are 
made. 

This apparatus is therefore recommended for any technical procedure where 
constant amounts of fluid are to be measured and delivered at intervals and at 
a controllable speed. 
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A MODIFICATION OF THE KJELDAHL STILL FOR DISTILLING 
LARGE QUANTITIES OF WATER* 


By C. E. Swanseck, M.D., CLEVELAND, OHIO 


HE still which is described in the following paragraphs makes use of 
the Kjeldahl distilling apparatus for furnishing the heat and for con- 
densing the steam generated. The Kjeldahl is seldom used routinely 








a 





since colorimetric methods are more simple to perform. For this reason our 
Kjeldahl outfit is idle for considerable periods of time. In order to make more 


*From the Laboratories of Mt. Sinai Hospital, Cleveland, Ohio. 
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use of it, I have devised a copper box which can be quickly connected and dis- 
connected to the Kjeldahl so that it now can be used for distilling large quan- 
tities of water. The copper box for generating the steam is shown in Fig. 1. 

A is an opening at one end on the top into which the overflow of water from 
the Kjeldahl condenser empties. This water is heated by the condensing steam in 
the coils and therefore any gases in solution are liberated when they come to 


SUCTION 
PUMP 


x 
































Fig. 3. 


the opening A. The chamber B fills with this preheated water until it reaches 
the level of the overfiow pipe C. The water now stays at this level and the 
water coming in at A does not reach the chamber B except as it gets below the 
level determined by the opening at C. The copper apron D extends below this 
water level so that the steam generated in B cannot escape at this end, instead 
it passes out through the openings marked E on top of the box. There are six 
openings corresponding to the six coils of the Kjeldahl. Into each opening is 
placed a cork and the connections from the coil are fitted into these corks. This 
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connection leads the steam from the chamber B into the coils of the Kjeldahl 
where they are condensed. And as the water is formed, it is led into three large 
bottles through connections as shown in Fig. 2. 

The rubber stoppers C have two holes bored in them, one for the glass 
tubing shaped like the letter ‘‘U’’ and marked ‘‘U’’ for leading the distilled 
water into the bottles. The other hole is for the glass tubing shaped like the 
letter ‘‘T’’ and marked ‘‘T’’ which are connected with each other as shown in 
Mig. 2 and the last one is shaped like an elbow. This series of connections is 
attached to a suction water pump in order to create a partial vacuum in the 
three bottles, in which the distilled water is collected. 

Fig. 3 shows the side view with all connections made. A is the Kjeldahl 
still: A shows the pipe which leads the overflow water from the Kjeldahl into 





Fig. 4. 


the copper boiler, C; F is the pipe connection to the tap water faucet; B is the 
bunsen burner for supplying the heat. 

We attached the suction pump to the bottles as shown in Fig. 2 in order to 
lower the atmospheric pressure within the bottles and this also lowers the at- 
mospherie pressure in the copper boiler. Water boils at a lower temperature 
when atmospheric pressure is reduced and conversely the steam generated at 
this temperature takes less cooling to be condensed and form water. This simple 
attachment adds greatly to the rate of distillation. The more the atmospheric 
pressure is reduced, the faster the distillation and the less heat required to bring 
the water to boiling. 

Fig. 4 shows the entire still assembled as it is used in our laboratory. We 
have placed a strip of sheet iron under the copper boiler and above the bunsen 
burners to prolong the life of the still. 
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EDITORIALS 


Vitamins and Deficiency Diseases 

ONTROL of diet is one of the most important therapeutic measures in 

the hands of the physician. It is very often of greater importance than 
the administration of drugs and yet how seldom is it the case that it is given 
anything like as great a prominence in treatment as the latter. One reason 
for this is no doubt the unsatisfactory and indefinite state in which our knowl- 
edge of dietetics has been until recently. Foods usually develop their effects 
on the body slowly and imperceptibly: drugs usually do so quickly and with 
immediate results. Cause and effect are evident in the one case but obscure 
in the other, and it has consequently taken much longer for our scientific 
knowledge of dietetics to gain that degree of precision that it is necessary 
before it can be put into practice in the treatment of disease. 

During the past decade more has been added to our knowledge of the 
relationship of foods to the well-being of the animal body than in all pre- 
ceeding times. The prominence given to the importance of the calorie value 
of foods by the work of Rubner in Germany and, later, of Atwater, Benedict 
and Lusk in this country, did not minimize the importance of an adequate 
proportion of protein, the reason for which was first clearly shown by the 
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work of Osborne and Mendel, to be that an adequate amount of the various 
amino acids should be assimilated for synthesis of the body protein. But it 
soon came to be recognized that although several conditions of semistarvation, 
simulating those met with in clinical practice, can be attributed to inadequacy 
in ealories or in amino acids yet there are others, scurvy for example, which 
in some way are also related to the diet, though not to its calorie value or 
protein content. This more subtle, less tangible property is now known to 
be the vitamin content of the food. The first clear recognition of vitamins 
dates to the discovery by Eijkman that the tropical disease known as beri- 
)eri is almost peculiar to localities in which the diet is very largely composed 
of highly polished rice and that the disease is cured when the huskings, which 
are removed by polishing, or an extract of them is added to the polished rice. 
Since this discovery many investigators (Gowland Hopkins, Funk, McCollum, 
ete.,) have devoted their attention to the subject of vitamins and enough precise 
knowledge has been accumulated to enable the physician to apply some of it 
with great effect in his daily practice. That this may be done profitably, 
however, requires a greater attention to details than it is the custom of physi- 
cians to give to matters of diet, and it is probable that it will be some time 
vet before the relationship between vitamins and disease comes to be ade- 
quately recognized. , 

A most valuable contribution, bearing on these relationships has just 
appeared as a monograph entitled ‘‘Studies in Deficiency Disease’’ by Col. 
MeCarrison of the Indian Medical Service.t. Before we proceed to indicate 
some of the more important facts presented in this volume it may be well to 
point out that throughout the whole of it insistence is put on the necessity 
of remembering that although it may often appear as if some obvious dietetic 
deficiency, for example, of one of the vitamins, is the specific cause of some 
particular disease, the other properties of the diet, such as the calorie value, 
the proportion of the proximate principles and the amount of inorganic salts, 
must also be taken into account. 

The greater number of the observations recorded in this book relates to 
the effeets of the three vitamins namely: 

(1) Vitamin B (or water-soluble food factor, or antiberiberi vitamin) 

(2) Vitamin A (or fat-soluble food factor, or antirachitie vitamin) 

(3) Vitamin C (or antiscorbutic vitamin). 

Diets containing varying proportions of these vitamins, as well of the 
proximate principles of food (proteins, fats and carbohydrates) were prepared 
by using carefully selected mixtures of foodstuffs. Thus, to obtain a diet consist- 
ing practically solely of carbohydrate with no vitamin, autoclaved rice was used ; 
to obtain one containing carbohydrates, fats and vitamin A, rice plus butter, 
or one also containing vitamin C rice plus butter and onions, or one containing 
everything necessary save vitamin B, autoclaved food plus onions and butter.* 
The mixtures of foods were fed to groups of pigeons, monkeys and guinea 

*The proper choice of these food mixtures was made possible by consulting the results of the 


numerous investigations which have been made to determine exactly how the vitamins are distributed 
among the various foodstuffs. Simple tables showing these results are now readily available and should 


. 


be in the possession of every physician.? 
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pigs, each group being composed of several individuals and the feeding of 
each group being maintained of the same character throughout the observa- 
tion. The body weight of the animals was taken at regular intervals, the 
general condition closely watched, and the time of appearance of definite 
symptoms carefully noted. So far the work is very much like that of other 
investigators in this field, but the most noteworthy feature of MeCarrison’s 
researches is that the pathologie condition of the various organs and tissues 
was very carefully studied, either in animals that had died as a result of the 
food deficiency, or in animals killed af a stage when the earliest symptoms 
made their appearance. In this regard, the present investigation is much 
more complete than any other with which we are familiar. It is the work of 
the clinical pathologist as compared with that of the biochemist and is ae- 
cordingly all the more important from the physician’s standpoint. The bio- 
chemist has indeed blazed the trail into the unexplored regions of dietetics 
and now the elinical investigator must follow to build a solid road along 
which every physician may travel. 

By using such diverse groups of animals as pigeons, guinea pigs and 
monkeys for the experiments, liability of error in the application of the results 
to explain deficiency diseases in man is greatly minimized, for, if a certain 
condition is found in all three groups of animals constantly to result from 
some definite dietetie fault, it is unlikely that man will be an exception. 


In the first part of the monograph the time of onset of symptoms, the 
rate of decline of body weight and the time of death resulting from food 
deficiencies are more particularly considered and it is clearly brought out, 
especially in the observations on monkeys, that ‘‘two factors (are concerned) 
in the causation of morbid states resulting from food deficiencies: (1) want 
of vitamins, and (2) want of balance of the food with respect to proximate 
principles—carbohydrates, fats, protein and salts.’’ 

In the second part, the other factors influencing the onset of deficiency 
disease, and its symptomatology, are discussed. Such factors as race, age, sex, 
previous food conditions, fatigue, damp, mental state, overcrowding, ete., are 
all shown to have an influence, and in the summary to this part it is pointed 
out that it is especially important ‘‘to realize that persons receiving too little 
vitamins are living in a state of potential morbidity which may be converted 
into one of actual disease by a variety of factors which further exhaust 
metabolism.’’ Variability of different individuals to the same degrees of food 
deficiency is also insisted on. 

Not the least important point made in connection with symptomology is 
that more attention should be given in experimental work on animals to the 
premonitory signs, for it is often these, rather than the terminal symptoms, that 
simulate clinical conditions in man. Thus, when monkeys or pigeons were 
fed with food lacking vitamin B, the first symptoms to appear were those 
referable to the digestive and endocrine systems and only later did those 


referable to the nervous system—polyneuritis—manifest themselves. In 
monkeys these symptoms appeared in a definite sequence and they included 
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loss of appetite and distaste for food, indigestion and colitis, loss of weight and 
of vigor, anemia, unhealthy skin, a tendency to edema and finally subnormal 
temperature and cardio-vascular depression. It was only after these symp- 
toms had been present for some time that symptoms attributable to 
malnutrition of the nervous system made their appearance. Similarly when vita- 
min A was deficient, failure of the processes of growth, susceptibility to in- 
fections and eye symptoms were usually present, and it is suggested that such 
elinieal conditions as rickets, osteomalacia, deficient calcification of the teeth 
and possibly phosphatic urinary calculi may be due to a lack of this vitamin 
in the diet of man. 

The most original part of the research (part III) is that relating to the 
pathogenesis of the conditions brought about by the faulty diets. In order 
io furnish standards for comparison, the effects of complete starvation are 
first of all considered, the weight of the various organs being recorded in 
tables and charts and their macroscopic and microscopic appearances care- 
fully decribed. In pigeons, for example, it was found that all organs except 
the adrenal glands and the brain decrease in weight, when compared with 
those of healthy birds. The adrenal glands actually increased in weight. 
When a diet composed exclusively of milled rice was given (i.e., one free of 
all vitamins and containing a great excess of carbohydrate), the same changes 
were seen but in a different degree, due to the fact that inanition in this case 
is more prolonged. The atrophy of the thymus and testicles was especially 
prominent. By adding butter and onions to the rice diet (i.e., vitamins A and 
C, also fat), ‘‘the general appearances were similar to those of birds fed 
exclusively on autoclaved rice’’ but ‘‘the heart, the thyroids, the spleen, the 
testicles and the pituitary body are smaller and the liver, the adrenals, the 
ovary and the brain are larger.’’ These results show that the changes due to 
avitaminosis are similar to those of inanition and that it is absence of vitamin 
B that plays the prominent part in their production. But just as this starva- 
tion occurs when vitamin B is absent, although the diet may contain super- 
abundance of calories, so also will it occur when there is abundance of vitamin 
3 but a shortage of calories. Calories and vitamin B are equally important 
in maintaining the nutritional balance. In similar observations on monkeys 
the diets fed to different groups were autoclaved rice, this plus butter, auto- 
claved food plus onion and this plus butter. It was found that the changes 
in the weight of organs corresponded to those of deficiently fed pigeons al- 
though they might differ in degree. The adrenals and pituitary became hyper- 
trophied and the other organs atrophied but the testicles relatively less so 
than in pigeons. The brain was found to be increased in weight on diets 
excessively rich in butter. Taking the results as a whole the most outstanding 
conclusion is that the adrenals become enlarged by malnutrition ‘‘whether 
this is due to deprivation of calories or to the state of inanition resulting from 
foods deficient in vitamins and ill balanced in other respects.’’ Considerable 
variations were found in the degree of change in weight of the organs of different 
individuals. 
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Coming now to the pathologic changes found in the various organs,. the 
most important were found in the gastrointestinal tract, the endocrine organs, 
and the central nervous system. In pigeons fed on autoclaved rice there was 
atrophy of the coats of the bowel and in 70 per cent of the 152 birds ex- 
amined, very striking pathologic changes as well. These included congestion 
and hemorrhage, atrophy of the myenteron, degenerative changes of the plexus 
of Auerbach, atrophic and inflammatory changes of the mucous membrane 
and of the lymphoid structures. Evidence of changes favoring systemic in- 
fection were also obtained, such as bacterial invasion with ‘‘intense inflam- 
matory and necrotic changes in the mucous membrane and underlying coats of 
the bowel.’’ The elinical significance of this observation need scarcely be 
emphasized. It is further noted ‘‘that the mucous membrane may be so de- 
stroyed and the changes in the bowel so pronounced as to render recovery 
impossible.’? This no doubt explains why some pigeons showing symptoms of 
polyneuritis recover when given vitamin extracts while others show no im- 
provement. When butter and onions were added to the rice diet the above 
changes were less frequently encountered but the addition of butter alone 
did not minimize the severity of the changes. In guinea pigs fed on a diet 
of crushed oats and autoclaved milk (deficient in vitamin C and in salts), 
hemorrhage infiltration and degenerative changes in the myenteron and myen- 
teric plexus were as marked as in pigeons fed on autoclaved rice. In conelud- 
ing the description of this observation, MeCarrison remarks that ‘‘the fune- 
tional perfection of the gastrointestinal tract is dependent in considerable 
measure on the adequate provision of vitamins and salts found in fresh vege- 
table foods; a fact which provides an explanation of the beneficial action of 
orange juice on the digestive and assimilative processes in bottle-fed infants.”’ 
He points out also that the intestinal lesions were present in the majority of 
sases before clinical evidence of scurvy was present (it being of course vitamin 
C that is mainly concerned), and he suggests ‘‘that the symptoms of seurvy 
as described in textbooks are the grosser evidences of a disordered state of 
metabolism, the minor or pre-scorbutie manifestations of which are probably 
frequently overlooked, especially in children.’’ In monkeys the gastro- 
intestinal changes are particularly important. Feeding on autoclaved rice 
caused the colonic mesenteric glands to become greatly enlarged, indicating 
an intense degree of toxic absorption, and the small intestine to become 
greatly thinned, often more so in certain portions than in others, with bal- 
looning (usually in the ileum) and, frequently, with intussusception. The 
large bowel showed a thinning of the walls and remarkable atrophy of the 
longitudinal muscle band with consequent loss of the normal puckerings; 
ballooning was also frequent. Congestive and necrotic changes were also 
marked, especially in the duodenum and large intestine; indeed, in the latter 
typical colitis without ulceration was the rule. The histologic changes 
though in general the same were somewhat different in detail from those seen 
on similarly fed pigeons, especially with regard to the locus of the hemor- 
rhages. The changes were such as would greatly favor hemie infection from 
the diseased bowel. When in place of rice autoclaved food was fed, (i.e., 
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deficient only in vitamins) the gastrointestinal lesions were still extreme, 
colitis and balooning being very frequent although intussusception was less so. 
‘“The colitis was invariably associated with enlargement and discoloration of the 
mesenteric glands.’’ It is important to note that the addition of onion (vita- 
min C) did not improve the diet. The addition of butter and onions (vitamins 
A and C) however considerably reduced the frequency of gastrointestinal 
lesions. The conclusion drawn is that ‘‘the héalth of the gastrointestinal 
tract is dependent on an adequate provision of accessory food factors, especial- 
ly vitamins B and C.’’ Absence of vitamin B is apt to produce colitis and 
absence of vitamin C is especially associated with congestive and hemorrhagic 
lesions in the tract. These effects of vitamin deficiency become accentuated 
when there is excess of starch or fat, or of both in the food or when this is ill- 
balaneed in other respects. 

In introducing an account of the effects produced on the endocrine or- 
gans, the similarity of action between vitamins and hormones is pointed out. 
The thyroid glands were found to atrophy in pigeons and monkeys both when 
the animals were completely starved and also, although to a lesser degree, 
when fed on any of the imperfect diets. Histologically, the glands were but 
little affected, moderate congestion and necrobiosis being sometimes observed. 
Complicating infections were common, however, indicating that in conse- 
quence of the food fault these glands are rendered susceptible to injury by 
bacterial and toxie agencies. The parathyroids sometimes showed the pres- 
ence of hemorrhages especially when the food was excessively rich in fats and 
starch. The pituitary gland was hypertrophied in pigeons and monkeys es- 
pecially males, in consequence of food deficiency but the histologic changes 
(of the pars glandularis) were not striking. 

The most important changes were observed in the case of the adrenals. 
In all those classes of animals enlargement was found both in complete inani- 
tion and in any of the forms of partial food deficiency that were studied. This 
enlargement showed a tendency to be more marked when the food was dis- 
proportionately rich in energy-bearing constituents. Histological examina- 
tions showed in pigeons that the cortical columns formed a greater proportion 
of the section than normal and the lipoid material in their cells was appar- 
ently diminished. There was little change in the amount of chromophil ma- 
terial in the medullary cells although there was more or less engorgement in 
the region of these cells. In guinea pigs, the histological changes resulting 
from a secorbutie diet (crushed oats and autoclaved milk) were particularly 
hemorrhagic, infiltration and degenerative changes in the cells of both medulla 
and cortex. The hemorrhages were confined to the cortex and oceurred even 
when there were no indications of seurvy in other parts of the animal’s body. 
Of still greater importance, as indicating the nature of the changes occurring 
in the adrenals, are the results of measurement of the amount of epinephrine 
(adrenalin) extractable from the altered glands. These measurements were 
made either by preparing saline extracts and observing the effect which they 
produced on the arterial blood pressure on intravenous injection (in sleep), 
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or by assaying the amount in weak acid extracts by the colorimetric method of 
Folin, Cannon and Denis, or by using both methods. It was found that the 
enlargement of the adrenal was associated with a full load of epinephrine (i.e., 
the amount per gram of enlarged gland was the same as for a normal gland), 
when the food contained no vitamins but that reduction of this hormone occurred 
(per gram of enlarged adrenal) when a diet of autoclaved rice and butter was 
fed, and also on a diet deficient only in antiscorbutie vitamins. In the last men- 
tioned case (in guinea pigs fed on oats and autoclaved milk) the total quantity of 
epinephrine in both glands was less than one half that present in healthy pigs 
although the weight of the organs was more than double. 

The observations on the changes in the adrenal glands are given side 
by side with those on malnutritional edema because, as the author says, ‘‘of 
the intimate association which has been found to exist in pigeons between en- 
largement of these organs and the presence of edema.’’ By experimenting with 
different varieties of milled rices it was found that the length of time during 
which the birds withstand the avitaminosis determines whether or not edema 
will oceur. With rice still having some of the husk attached, the animals 
lasted much longer than when the rice was very highly polished and they 
showed edema much more frequently. It is because of these differences that 
the cases of polyneuritis may be either of the ‘‘wet’’ or ‘‘dry’’ variety. It 
was also found that young and growing birds were more prone to edema than 
adults and that the adrenal glands were always enlarged when it occurred. 
Sometimes, however, especially in adult birds, great enlargement of the ad- 
renals was found without any edema. The author states ‘‘that the average 
epinephrine content per gram of gland is approximately the same as in health 
in eases of dry polyneuritis, and rather less than in health in the greatly en- 
larged adrenals from cases of wet polyneuritis.’’ When calculated as total 
amount of epinephrine, per kilo of body weight, however, there was in all 
eases of wet polyneuritis an excess of epinephrine over the amount in health 
from which facet the conclusion is drawn that ‘‘a very intimate relation exists 
between the presence of edema and an abnormally high content of epine- 
phrine in the adrenal medulla, when associated with malnutrition of the 
tissues.’’ Addition of butter and onions to the rice reduced the incidence of 
edema, but in those eases in which it occurred the epinephrine content of 
the gland was not inereased, which makes it appear that ‘‘the protection 
against serous effusions afforded by the butter. . . . was associated with an 
epinephrine-content of the adrenal glands which was not proportionate to 
their increase in size and was therefore within the limits of health.’’ Dispersal 
of the lipoids from the cortex, as well as an increased epinephrine-content of 
the medulla, was found to be associated with edema production. Apparently, 
therefore, the vitamin A contained in butter affords a certain degree of pro- 
tection against edema in pigeons fed on autoclaved rice. The influence of a 
deficiency of protein in the diet is not ignored as another causative factor 


of edema. 
With regard to changes in other glands, the testicles showed an extreme 
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degree of atrophy, especially in pigeons, in which it is one of the most specific 
of the effects of avitaminosis. It is concluded that absence of vitamin B is 
mainly responsible for the atrophy. The atrophy affects both spermatogenic 
and interstitial cells. In monkeys the testicular atrophy was much less 
marked. In both groups of animals the ovaries also showed a certain degree 
of atrophy and there was decrease in the size of the uterus. Extreme atrophy 
of the thymus in (pigeons) on absence of vitamin B and thickening of the 
capsule and arteries of the spleen along with diminution of the splenic pulp 
in pigeons deprived of vitamin B and guinea pigs deprived of vitamin C were 
also noted. 

With regard to other parts of the body, changes were found in the heart 
atrophy) and blood vessels, but little in the kidneys. The mucosa of the 
urinary bladder showed marked congestive and degenerative changes in 
ruinea pigs fed on scorbutie diets, thus affording an explanation of the com- 
paratively frequent occurrence of hematuria in human seurvy. The weight, 
and presumably therefore the bulk, of the brain was increased when the food 
was deficient in vitamin B and in proteins and contained excess of fats and 
carbohydrates. This observation has an application in the treatment of head- 
ache and mental disorder. From its usual name, polyneuritis, the conditien 
brought about in pigeons by deprivation of vitamin B might be expected to 
exhibit marked degenerative changes in the peripheral nerves, but such was 
not found to be the case. Degenerated fibers were seen but rarely in sufficient 
numbers to cause permanent paralysis. Death of nerve cells is the exception 
not the rule and the paralytic symptoms are mainly due to funetional impair- 
ment of the nerve cells. This explains why recovery in such cases is common 
when vitamins are added to the inefficient dietary. 

The last part of the monograph is devoted to the practical application of 
the work deseribed in earlier parts. It is pointed out that ‘‘the health of the 
gastrointestinal tract is dependent on the adequate provision of vitamins of 
every class and in the maintenance of this, vitamin C plays a prominent part.”’ 
Dysentery is shown to be favored by such food deficiency and it is pointed out 
that the invalid foods used in its treatment are often dangerously deficient 
in vitamins. Gastrointestinal disturbances of a more chronic type such as 
dyspepsia, mucous disease, colitis, chronic intestinal stasis and even gastric 
and duodenal ulcer and intussusception are also shown to bear relationships 
to dietetie faults. At the same time the importance of recognizing the opera- 
tion of other ecaustive factors in each of these cases is emphasized. It is the 
author’s opinion that pellagra may result either from deficiency of protein 
supply, ‘for from deficient protein assimilation consequent on vitamin insuffi- 
cieney or from a combination of both these causes.’’ An interesting chapter 
is devoted to the etiology of beriberi where it is shown that avitaminosis is 
not the only possible cause of the disease, infection (by B suipestifer) being 
also capable in itself of inducing it. An interesting table is given in which 


the postmortem appearances of polyneuritis columbarum and human beriberi 
are contrasted and it is suggested that there we have really to deal with two 
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disease entities. In a final chapter, entitled the selection of food, are given 
some interesting experiences in the regulation of the dietaries of patients 
suffering from various distressing symptoms of general ill health. The 
examples given emphasize that it is not only in the dietaries of the poor that 
dangerous deficiencies may occur, but also in those of the well-to-do. The 
work is one that should prove of great value to every practitioner of the 


healing art. 
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